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AUTHOR'S INTRODUCTION 



THE TRANSLATION. 



lut qu'oa B'est propose d'atteiudrc dans cette Bi-ric dc 

1 6t6 de coQBtitucr un chapitre d'introduction iL I'histoiro 

nique des affections cerebrates et spioales chez i'bomme. 

^'Cest, en eSet, principalemeat sur le principc des localisatioas 

rqn'est fond^ ce qu'on a appele le diagnostic rrgional des 

maladies des ceotres nerveux, cet ideal vers lequel doivi 

tendre les efforts du clinicien. 



SuiB mccoDnaitre aucunement Timportance qae presenteDil 
IbJcessaircment dans les ^tudca de ce genre, les documenti. 
relevant de I'esperimentation but les animaux, on a du a'attacher 
Burtout dans ces 169009, aiu donnces fonrnies par I'obserTation 
cUnique appuy ee sur I'esanieii metbodique et minutieux det 
l&ions organiqnes ; car ai lea premiers ont mis souvent sur la 
Toie des localiaatioQs, les derni^res permettent seules, puisqu'il 
a'agit ici de I'bomme, de juger en dernier resaort et de fc 
lapreuve. 



des I 

ii 

;her " 



Feraonne n'ignore que snr la question des localisations c^r^ 
brales, le d^arroi est pour le moment, dans le camp des esp^- 
neutatears; les uns niant ibrmellemeut ce que les autrea 
affirment arec non moins d'autorit^. A ces d^ats cejicndaut 
le patbologtste pent asslstcr, non pas certes avec indifference. 
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mais tout an moins avec calme^ attendant avec patience que 
I'accord se fasse. 

Cela tient k ce que lea moyens de recherche qui lui apparti- 
ennent en propre et qui constituent ^ proprement parler la 
m^thode anatomo»clinique, Font mis d&iormais sur ces questions 
en possession d'un certain nombre de faits fondamentaux^ 
relatifs k I'homme et contre lesquels les donnees foumies par 
la yiyisection ne sauraient jamais completement pr^valoir. 

Ainsi^ pour ne citer que quelques exemples^ nous savons^ de 
science certaine^ que chez Phomme la lesion destructive du 
faisceau pyramidal^ dans son trajet capsulaire en arri^re du 
genou^ produit Th^mipl^gie permanente vulgaire ; que les l&ions 
de I'extr^mit^ post^rieure de la capsule interne produisent la 
syndrdme h^mianesth^ie c^r^brale. Pour ce qui est main- 
tenant de I'^orce des hemispheres^ on ne discute plus guere 
aujourd'hui sur le rdle pathologique de la circonvolution de 
Broca; on sait que la destruction des circonvolutions^de la 
zdne dite motrice^ prodait^ si elle est g^n^ralcj Th^mipl^gie 
complete, ou, au contraire^ seulement une monopl^e. Si 
la l&ion se circonscrit dans tel ou tel departement secondaire^ 
aux l&ions irritatives de ces mSmes regions se rattachent les 
ph^nomenes de Pepikpsie Jacksonienne, &c. 

Sans aucun doute ces faits de localisation ne foumissent pas^ 
quant k present, les ^^ments d'une doctrine arrSt^e concemant 
le r61e physiologique des diverses regions c^r^brales. Mais tels 
quails sont ils repr^sentent, si je ne me trompe, autant de donnees 
empiriques servant de points de repere pour diriger le clinicien 
et lui permettre de s'orienter dans la difficile recherche du 
diagnostic. 

Monsieur le Docteur W. B. Hadden m*a fait Phonneur de 
snivre pendant plusieurs mois ma clinique, k la SalpStriere, et 
tI 9k 6t£ ainsi mis & mSme de reconnattre I'esprit qui dirige 
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mon enseignement. Je ne saurais trop le remercier de la 
peine qu'il a prise de pr&enter k nos confreres anglais^ sous la 
forme d'une traduction k la fois S^gante et fidele^ mes lemons sur 
le$ localisations dans les maladies du cerveau et de la moelle 
Sfimire, 

J. M. CHARCOT. 
Pasib; le 1 novembre, 1882. 



TRANSLATOR'S PREFACE. 



No higher testimony con be afforded to Professor Charoofa 
clinical accuracy and analytical insight into disease than the fact 
that the New Sydenham Society have determined to publish 
the translation of another work by this wcU-known Frenoli 
physician. 

The subject dealt with in these pages is as yet only im* 
perfectly understood. Perhaps some of the hypotheses put 
forward in this work will eventually be found untenable. Still 
their wonderful suggestiveness will probably open up lines of 
inquiry which may lead to truth. M. Charcot tries to sh( 
that clinical investigation and pathological anatomy are capable 
of assisting greatly in the elucidation of cerebral and spinal 
function. Furthermore, he points out that modern anatomy, 
physiology, and experiment are often out of harmony with 
pathological facts, and require modification in consequence. 

It was thought advisable, almost essential, that the views of 
other observers relative to some great questions in neurology, 
should occasionally receive notice in this work. The translator 
trusts that the determination has been exercised judiciously, 
and that no superDuous matter has been introduced. 

It moat be mentioned that these lectures were edited aad^ 
partly annotated by MM. Bournevilte and Brissaud, whose 
labours in this department of medicine tend additional value 
to this work. 

Our warmest thanks are due to Dr. Horrocks, who 
criticised the first part of this translation when in nunuscrij 
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itional value l 

rho read and ^^^| 
nunuscrip^^^^l 
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and to Dr. Gowers, from whose teaching we have learned 
much and to whose kindness we are indebted for many valuable 
suggestions. 

1. M. Charcot^s views as to the causation of hemiopia and 
crossed amblyopia are in accordance with many clinical facts. 
Nevertheless, some researches of Professors Ferrier and Gerald 
Yeo, which were communicated to the Physiological Section of 
the British Medical Association in 1880/ must be taken into 
careful consideration. 

The following is a summary of the results of their experiments 
on the monkey : 

(i) Neither destruction nor the removal of one or both 
occipital lobes caused any apparent disorder of vision. 

(2) Complete destruction of one angular gyrus caused loss 
of vision in the opposite eye, lasting a few hours only. 

(3) The restoration of sight is not dependent on the integrity 
of the other angular gyrus alone, because when this is subse- 
quently destroyed, vision is either not markedly impaired, or if 
so, the effect is very transient. 

(4) Simultaneous destruction of both angular gyri causes 
total blindness, lasting not more than three days. 

(5) Destruction of one occipital lobe and one angular gyrus 
entails loss of sight in both eyes towards the side opposite the 
lesion. It is doubtful whether the hemiopia is quite symmetrical. 
The visual disorder is temporary, the animal partially recovering 
in a week. 

(6) If in an animal, which had recovered sight after destruc- 
tion of the left angular gyrus, the right angular gyrus and 
occipital lobe were destroyed, the result was temporary left 
hemiopia. 

(7) If in an animal in which the occipital lobes had been 
removed without symptoms, the left angular gyrus was 
destroyed, the result was transient loss of vision in the 
right eye. 

' See al)etract in ' Brain/ vol. iii, p. 419. 
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t[8) Destrnctiou of both angular gyri and both occipital lobes 

itises total aad permanent bliadness. 

It follows from these experiments that the monkey coattuues 
to aeo without its occipital lobes, and that it can regain sight 
when the angular ^yri are completely destroyed. It is evident 
also that one occipital lobe or one angular gyrus suffices for 
vision with both eyes. Cases are on record iu which one 
angular gyrus and one or both occipital lobes have been de** ■■ 
troyed by disease, without any disturbance of vision during life. | 
Complete destruction of both angular gyri and occipital lobea 
in man has never been observed, so the results of experiment 
have not been confirmed. 

Prom his experiments Ferrier concludes that "there is a two- 
fold relation between the eyes and cortical visual centres ; one 
mainly crossed — the central portion of the retina bilaterally 
represented — by the angular gyrus ; the other bilateral — the 
corresponding side of both retiuK being represented — by the 
occipital lobe, not alone, but in conjunction with the angular 
gyrus." (" Cerebral Amblyopiaand Hemiopia," ' Brain/ vol.iii.) 

The crossed amblyopia, which results from lesion of the 
angular gyrus, is in harmony with the disturbance of vision 
occurring in cerebral hemianEeHthesia. | 

It is probable that the fibres which pass to the cortex in the 
posterior third of the internal capsule enter into special connec- 
tion with the angular gyrus, and represent the opposite eye as 
regards those functions affected in hemianEesthesia. 

Ferrier believes that hemiopiamay result from lesion aflecting 
the occipital lobe and angular gyrus, apart from any implication 
of the optic tract or corpora geniculata. This conclusion is 
proved both by experiment and by clinical observation. 

la the case of experimental lesions the disturbance of vision 
is apparently but transient, whereas amblyopia and hemiopia 
in niftn persist for a long time, and often remain permanent. 
This apparent discrepancy has not been explained, but it is 
pouible that the visual defect is really more durable in the 
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monkey than it seems to be. The question arises whether it is 
possible to distinguish between hemiopia due to pressure on the 
optic tract, and that dependent on cortical or sub-cortical 
lesions in the occipito-angular region. Cerebral symptoms such 
as hemiplegia, hemiansesthesia, aphasia, &c., are not decisive in 
fiavoiu* of either the one or the other. Ferrier gives the follow- 
ing points of difference between them : 

(i) In hemiopia from pressure on the optic tract, the defect 
of vision is absolutely unilateral, because each optic tract 
supplies precisely the corresponding half of both retinae. 

(2) The hemiopia is probably cerebral when central vision is 
retained for some degrees on all sides of the point of fixation. 

This is due to the fact that each angular gyrus has a bilateral 
relation with the centre of the retina, so that although there 
may be complete destruction of one visual centre it is still pos- 
sible for both eyes to possess central vision through the sound 
angular gyrus. 

Hemiopia, therefore, may be present towards the side opposite 
the lesion with retention of central vision in both eyes. 

(3) Sapid atrophy of the optic discs would be rather in 
favour of hemiopia from pressure on the optic tract than 01 
cerebral hemiopia. 

II. In addition to the various tracts of spinal degeneration 
mentioned in the opening lecture of Fart II, we have called 
attention to another focus situated in front of the pyramidal 
tracts.^ 

The case was said to be one of locomotor ataxy, but unfor- 
tunately no further clinical history could be obtained. 

In the highest cervical region, and about the lower half of 
the medulla oblongata there were two symmetrical arese of 
degeneration. Microscopically the parts did not present the 
ordinary connective tissue change, but the degeneration was 
granular and in the centre showed a confused mass of dSbris. 

^ See ' Brit. Med. Jonrnal/ April 15th, 1883 ; also ' TraDsactions of the 
Path. Soc. of London/ 1882. 
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\ the peripbciy however, there were nnmeroas swollen axia^ 
cylinders and amyloid bodies. 

The grey matter and posterior columns were uoafiected, 
although the patient was said to have Buffered from locomotor 
atajy. 

The degenerative arete were quite visible to the naked eye 
Etained specimeus. Pr. Gowers has described and figured 
similar degenerative tract in a spinal cord, the lower end 
which had been crushed. 

The columns of GoU were densely sclerosed, but in addition 
there was " a symmetrical area of slight ascending degeneration 
iit the anterior part of the lateral columns, in front of the 
pyramidal tracts." Dr. Gowers gives reasons for believing that 
the tract of fibres involved is concerned with the transmission 
of sensory impressions. The degeneration could not be traced 
higher than the cervical region, whereas in our own case the 
alteration was found in the highest cervical and lower region 
of the medulla. It must be mentioned, however, that only this 
small part was available for microscopical examination. 

In the sections made by Dr. Gowers the degeneration extended 
to the periphery of the cord, whereas the affected arcie in ouF: 
case were separated from the periphery hy healthy tissue. 

In short, it is probable (as Dr. Gowers thinks) that the area 
of degeneration iu this latter instance involved only part of the 
tract. 

III. Recent rcacarchee into the nature of the so-called tendon- 
reflexes have led to conclusiona at variance with the generally 
accepted views. 

In the present worii M. Charcot strongly insists on the 
essentially reflex character of these phenomena. But reasons 
have been adduced by several competent observers, which tend 
to prove that the mascular contractions are excited locally. 

Tschiijew' haa found that the interval between percussion of 

t patellar tendon and the contraction of the qudricep* it 
' 'Arch, fur P-ych.,* 1878, HrftiiL 
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'033 of a second — a period maeh too short for a reflex action. 
This calculation closely agrees with the measurements obtained 
by Burckhardt^ Brissaud^ Gowers and Waller. 

The last-named observer had pointed out the important fact 
that the interval between stimulation and contraction is the 
same^ whether the tendon or the muscle itself be percussed.^ 
The obvious conclusion is that in both cases the muscular con- 
traction is excited locally. 

But if the tendon phenomena are not directly dependent on 
reflex action^ it is nevertheless undeniable that there is a reflex 
influence concerned in their production. 

This is amply proved by experiment^ which shows that the 
knee-phenomenon is absent after division of the nerves to the 
muscles^ after section of the anterior or posterior roots of the 
spinal nerves^ or after destruction of the special spinal centre. 

Moreover, the modifications which the tendon phenomena 
undergo by lesions affecting the various parts of the nervous 
system certainly tend to the same conclusion. Oowers^ points 
out that an essential condition for the production of the tendon- 
reflex is passive tension. He observes also that tension acts 
both on the tendon and on the muscle, and that contraction 
may sometimes be provoked by stimuli which act on the muscle 
but not on the tendon. 

When these phenomena are exaggerated, if the foot be placed 
at a right angle to the leg so as to make the calf-muscles tense, 
and if the muscles in the front of the leg be percussed the gas- 
trocnemius contracts just as though the tendon were struck. 
He terms this the ''front- tap contraction.^' 

In the case of the tendo Achillis Oowers has demonstrated 
that percussion of the tendon excites contraction only when it 
at the same time increases the tension of the tendon and hence 
of the muscle also. 

* * Bram/ vol. iii, p. 179. 

3 < The Diagnosis of Diseases of the Spinal Cord/ 2nd ed., iSSi, p. 34, 
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'When all the nerves to the patellur tendon arc divided the 
Ic nee-phenomenon may rtiU be called forth iu the usual way 
(Tschirjew), This clearly proves that the muscul&r coutraotioa 
is not eicited by irritaliou of the nerves in the tendon, " but 
that," as Gowers remarks, "the stimulus origiuates iu the 
muscle, the tendon being only, so to speak, an instrument by 
which that stimulation is produced." He believes that teusioB. 
excites reflexly a couditiou of extreme irritability to local! 
stimulation — au opiuiou which is confirmed by some experi-* 
ments of Tschirjew,' 

Gowers proposes to call the so-called tendos-reflexes tha ] 
" tendon-rauBcular phenomena" or "myotatic contractions." 
(rariicoci extended). For the patellar-tendou reflex he suggest! ■ 
the name of " knee-jerk " which, involving no theory as to itvfl 
nature, might well be universally adopted. 

Dr. Horrocks has recently brought forward arguments in I 
favour of the " tonic theory " of the I en don -re flexes.' 

Under ordinary couditions all the muscles are in a state of 
slight contraction which is usually termed that of tone. It is 
au uudoubted fact that the tendou-rellcxes are abolished or 
diminished when tone is absent or deficient, aud, on the other 
band, that these phenomena are exaggerated when tone is in 
excess. 

The experiments performed by Dr. Horrocks showed (l) thatfl 
a pull ou a tendon causes muscular contraction when the reflei 
loop is intact, (3) that no contraction ensues when the tendoil| 
ia pulled upon, the reflex loop being destroyed. 

It must be admitted, as Dr. Horrocks allows, that his experi* 
ments are equally in favour of the reflex nature of the tendon- 
muscular phenomena. The arguments against this last hypo- 
thesis, as stated above, are considered by Dr. Horrocks to be J 
quite conclusive. 

The diagnostic signitlcaDCC of the tendon-muscular jihenomcDi^ 
W* *B«iciiert und Dn Boii Sejmoiul'ii Ajrhiv,' 1879. 

)fl«x Action in Disguosis," ' Gnjr't Hoipital Beport^' iSSc. 
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is not yet fully made out. Berger finds that the knee-jerk is 
absent in healthy persons in one per cent. Westphal asserts 
that it is universally present^ and Horrocks,^ out of two hundred 
cases^ found it wanting only in those who were very fat and 
whose ligamentum patellae was very short. The absence of the 
knee-jerk should not be too readily assumed. In doubtful 
cases the patient ought to sit on the edge of a table with the 
limbs bare and hanging loosely down. 

Our experience coincides with that of Dr. Horrocks that the 
phenomenon is occasionally obtained in this way only. 

Is the knee-jerk ever absent in apparently normal individuals 
when full precautions are taken to overcome the difficulties to 
which we have alluded ? 

We are disposed to answer the question in the affirmative. 

Such cases are known to many careful observers. We venture 
to suggest that at least in some instances of this kind the absence 
of the knee-jerk is dependent on organic change in the oord^ as 
yet unrevealed by symptoms. 

This opinion is borne out by a case which came under our 
attention a few months ago. The patient^ a man about forty 
years of age^ was suffering from mixed symptoms of ataxy and 
disseminated sclerosis with absence of the knee-phenomena. 

Some twenty years before the patient declared that both 
himself and his companions were surprised to find that his 
knee-jerk was entirely wanting on one side, and but slightly 
marked on the other. At that time he had absolutely no 
indications of spinal disease. 

The presence of ankle-clonus is usually considered to be 
related to a structural change in the lateral columns. 

Dr. Hughlings Jackson^ however^ has occasionally found it 
present immediately after epileptiform attacks. In such cases 
he believes that the lateral columns have become temporarily 
exhausted. 

Is ankle-clonus^ in cases of permanent rigidity^ always 

» Op. dt. 
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dependent on actual degeneration of the pyramidal-tract 
system ? 

M. Charcot is of opinion that contracture may exist without 
sclerosis^ and, in support of this view, calls attention to the 
fact that rigidity sometimes supervenes suddenly in hysterical 
subjects. 

We have lately seen a case of right hemiplegia in an adult 
male, in which rigidity occurred in four days after the attack. 

Well marked ankle-clonus could be obtained on the paralysed 
side. There was no suspicion of a previous hemiplegic attack. 
The condition still exists and seems likely to be permanent. 

Briefly then, it may be said, with a fair amount of probability, 
that coarse lesion in the lateral columns is not the only condi- 
tion giving rise to over-action of the motor cells in the anterior 
comua. 

The question cannot of course be definitely solved in the 
absence of post-mortem evidence. 

The front-tap contraction described by Gowers is not unfre- 

<][uently obtainable in healthy subjects, and not only so, but it 
•commonly exists on one side alone in young and apparently 
healthy persons.^ 

We have found the presence of the front-tap contraction on 
one side, and slight but undoubted ankle-clonus on the opposite 
side in a boy, aged eleven, who was seemingly quite healthy. 

^ Oat of fifty-one schoolboys who presented no sign of organic nerve- 
disorder, we obtained the front-tap contraction on one side only in six cases. 
The knee-jerk and all the other tendon-muscular phenomena, including the 
contraction of the gastrocnemius from percussion of the tendo Achillis, were 
quite absent in one boy said not to be a " good runner." In another young 
aubject the knee-jerk was wanting on one side, but well marked on the 
opposite side. The knee-jerk was present, to a variable degree however, in 
all the other boys. 
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4 MEANING OP LOCALISATION. 

certain number of instances^ which^ if I may be permitted the 
expression^ we shall use as a point d'apptii. I shall take these 
instances from one of the most important chapters in the 
pathology of the encephalon, that which treats of the locaUsa' 
Hon of cerebral diseases. Various considerations urge me to 
this choice. In the first place^ this is one of those subjects in 
which the happy influence of pathological attainments on 
clinical matters is pre-eminently striking. Indeed^ on the 
principle of cerebral localisation is founded what might be 
called the regional diagnosis of encephalic affections — that 
ideal towards which, in this special branch of pathology, all 
the efforts of the clinical investigator should tend. On the 
other hand, this question of cerebral localisation has just 
entered on a new phase and is attracting general attention 
abroad as well as in France. Although we would not sacrifice 
more than is absolutely necessary, still, we cannot withdraw 
from the fascination, which recent investigations and newly 
discovered facts are constantly exerting. 

I will add, finally, that at the last concours d^agrSgatUm in 
medicine, this interesting subject was elaborated with great 
ability in the thesis of my friend and old pupil. Dr. Lupine, an 
agrigS of this faculty. I am fortunate, I confess, in being able 
to utilise the careful observations, in which this work abounds, 
and in profiting by the invaluable information which the author 
has accumulated in it. 

In these preliminary lectures, it is evident that only a general 
outline can be given. All the principles laid before you must 
be subsequently resumed, submitted to a more thorough 
investigation and, as it were, sifted even to their smallest 
details. 

II. 

It is unnecessary at present, I think, to enter into a lengthy 
explanation of the meaning of localisation, in reference to 
cerebral physiology and pathology. The term has long since 
passed into common parlance and we all understand its 
signification. 

I shall simply remind you that the principle of cerebral 
locaUsation depends on the following proposition : The en* 
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cephalon does not represent a atnglc, bomogeoeoiis organ, bar 
ratber an asBocistioD, or, if you like, a confederation, made up ' 
of a certain number of different organs. To eachof these there 
are attached physiologically distinct properties, fnnctionB, and 
fftculticB. Further, tbe physiological functions of each of these 
parts being known, it is possible to deduce the pathological 
conditions, which are but more or less pronounced modifications 
of the normal state, without the intervention of new laws. 

We must now inquire into the foundations on which this 
proposition depends. To attain this object, appeal should be 
made in turn to the data furnished by normal anatomy, experi- 
mental physiology, and finally clinical observations aa baaed 
on the methodical and careful examination of organic lesions, 
I cannot too strongly insist that proofs of the last kind should 
figure constantly among the most important and decisive. 
For, although the two Grst may often suggest localisation, the 
latter only will enable us to judge in the last resort and furnish J 
the proof, so far as man, tbe special object of our iovestigatioDij I 
is concerned. ^ 

First of all, in accordance with our programme, the time 
bas come to consider the encephalon in its morphological aspect. 

We are not about to enter, you are aware, into a formal 
description. I purpose simply to point out some general 
features, with which, for our object, you must be acquainted. 
With a view to simplifying a very complex situation, I shall 
bmit myself to the cerebrum, that is to say, to the mass of 
uervouB substance, composed of two hemispheres and situated 
ftt the upper extremity of what we know by the name of crura 



■wThc ti 
^Bpnrly B< 
^^peakiog 



The two hemispheres, as you are aware, are symmetrical or 
ly BO, and identical in their stnicturc, so that, auatomiealiy 
kpeaking, what wc say of one applies strictly to the otber. 
Each is covered and as it were enveloped by a layer of grey 
matter. The central part is composed of a mass of white 
substance, out of which the ventricular cavities arc hollowed, 
and in which the central ganglionic nuclei, namely, the optic 
thalami and corpora striata, appear to lie embedded. A 
transTcrsc section made at the level of the corpora mammilUrift j 
is admirably adapted for displaying the most striking points i 
the reciprocal di*|K»itiuu of the central parts (Fig. i). 
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mediately above the pona, yoa observe the ioferior surface of 
the eras cerebri, the foot or lower layer of which is mainly 
derived, as we shall see, from the anterior pyramids of the 




Fia I. — TranBTereo vertical gection o£ the cerebrum made behind 
the corpora mammillaria and in front of the crura cerebri, s, grey 
commisBnre i 0, 0, optic thalami ; t, lateral ventricle ; V, its 
BphenoidaL comu; p, F, internal capsule or foot of the pedancnlar 
eipausion ; l, 'l, lenticular nucleus ; K, external capsule ; M, u, claus- 
trum (aranf-mur) \ fi, third ventricle ; k, comu ammonia. 

medulla oblongata. Higher up, you will notice at the lower 
and middle part of the section, two large white tracts (p, f), 
which diverge towards the cortical region of the hemispheres. 
Th^ are included between two masses of grey substance. 
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one of which is mternaJ and superior (o), the other inferior and 
external (l). These two white hands are the cerebral prolonga* 
tiouB of the crura. These latter whieh, at first, are irregularly 
quadrilateral, become, on entering the hemispheres, flattened 
ftom above downwards and spread out from behind forirards. 
After passing the narrow intergauglionic area, they expand 
and radiate in all directions ; in front, towards the frontal 
extremity ; in the centre, towards the parietal re^ous ; behind, 
towards the occipital extremity. The flattened out, inter- 
gauglionic part of the crura cerebri is described in Burdach's 
nomenclature under the name of internal capmtle. The fan- 
like arraugcmeut has beeu called by Reid the corona radiata, 
the foot of which is the point where the crura emerge above 
tbe cerebral ganglia. The arrangement of the crura in the 
faemiephcrcB may be characterised by saying that they gpread 
<mt like a fan. 

Let us now indicate briefly, subject to resunitug the mutter 
at a later stage, the respective positions of the cerebral ganglia 
in relation to this fan-like arraugcmeut. 

"When the lateral ventricles have been opened by the ordiuary 
method, you remember seeing on their floor two projecting 
masses of grey substance. The one, anterior and external, in 
the form of a comma or Prince Kupcrt's drop, of which the 
large extremity or head is in front, and the small end or tail 
behind and to the outside, we shall call the caudate naclexit 
of the corpus striatum ; the other, internal and posterior, of an 
oral shape, is the optic thalamus, which is separated from its 
fellow on the opposite side by the cavity of the third ventricle. 
These two grey intra>ventricular masses, the caudate nncleus 
of the corpus striatum and the optic tludamus, arc situated 
above and to the inner aide of tbe peduncular fan, below wbicEt 
is found a third nucleus of a larger size than the two others, 
and, having almost the shape of a plano-convex lens, hence 
derives the name of lenticular nuclms '3"'dach}.' 

Since it extends the same length from before backwards os 
the two others, it is invariably found to accompany them in 
transverse sections [frontal of the Germans, pcr{)endicular to 
the great inter-hemispherical fissure). 

' In our uuniviiclulura it u calloil tlui ncfm-cunfrimlnr ducJciu of tlie 
mqfa ■tiutniD. 
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The study of these sections^ when made methodically and 
progressively from before backwards^ through certain fixed 
points at the base of the hemispheres^ is of indispensable 
service to the anatomist^ to whom it indicates the relations of 
the nuclei both to one another and to the cms ; and to the 
clinical student who has to ascertain precisely the position of 
the affected parts. 

I shall point out to you the appearance of these frontal sections, 
so far as the requirements of our description demand. To-day, 
it wiU be sufScient for you to know one of the most posterior, 
that made immediately in front of the crura cerebri. You 
observe here (f^ p) the flattened out part of the crura^ the 
internal capsule. 

To the inner side lies the section of the optic thalamus (o), 
and the tail of the corpus striatum (c). External to the 
internal capsule^ you notice the lenticular nucleus of the 
corpus striatum (l)^ with its three segments. These grey nuclei 
are, perhaps, so many centres endowed with distinct properties 
and functions ; nevertheless, do not forget that the fact has not 
hitherto been incontestably verified. Still more external you 
see, successively, the external capsule (k), the claustrum {avant^ 
mury (m), a small, white, nameless band, and, finally, the grey 
layer of the island of Eeil (d). 

I do not intend on the present occasion to enter into any 
structural details. I simply wish, gentlemen, to insist on these 
terms, minute as they may appear, and, if I have struggled 
long to introduce them into the French nomenclature, it is 
because I consider them of the greatest utility, when it is 
desirable at an autopsy to determine the exact localisation of 
lesions. Who will venture to affirm that such or such a region^ 
having no place in our nomenclature, has not a physiological 
importance of the first order ? In what terms, too, are we to 

^ This tbin strip of grey matter has received yarious synonyms. In 
English text-books it is known under the names of Clatistruin (Burdach), 
Nucleus taniaformis (Arnold) and Rcmi^art, By the Germans it is called 
the Vormauer, and by the French rempart, noyau rubane and avant-mur, 
A few nerve cells, most of which are stained with yellow pigment^ are 
contained in it. The cells resemble in their fusiform shape and bipolar 
processes those of the posterior vesicular columns of the spinal cord.-^ 
{Tranalator.) 
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ribe this region, in the notes of an autojisv, if it ii 
unnamed ? 

The designations, which I have just given, provide so many 1 
landmarks, and are therefore of incontestable utility. Can a 
good strategical chart ever be too complete ? lu this manner, 
by stating with precision the part aifected by a htemorrhagic 
lesion, the external or interual capsule, the nuclei of grey 
matter, the foot of the corona radiata, &c., you will succeed in 
establishing, when occasion requires, symptomatic differences 
in connection with differences relative to prognosis. An 
instance, borrowed from the history of cerebral Lscmorrhage, 
will at once prove to you that this is by no means a superfluous 
study. If a ha-morrhagic lesion has involved the external 
capsule only, the patient, notwithstanding the extent of the 
lesion, will in all probabihty recover without any persistence of 
the hemiplegia and without weakness ; if, on the other hand, 
it affects the internal capsule, should the patient survive, 
paralysis with permanent contracture ' invariably remains. 
The importance of an exact and minute acquaintance with the 
configuration of the circumscribed arece of the brain and of an 
appropriate nomenclature, is especially evident when we consider 
those folds mapped out on the surface of the hemispheres, 
which are generally known under the name of comolutiom. It 
was thought for a long time that the convolutions were disposed, 
so to speak, at random, thus defying all description. It was 
reserved for two French observers, Lcuret and Gratiolet, to 
point out that there exists, on the contrary, a regular plau, 
which may be followed from the lower mammals, through th& 
ape, to man. 

It is necessary, moreover, to distingnish among the convolu- 
tions, fundamental fold*, so called, because their dispositioa 
and relations arc absolutely fixed, and aecondary or accessory 
foldt, which diSer from the others in being variable. 

You will readily understand that it would be quite impossible 
to make any progress in the history of the motit important 
cerebral localisations without a good topography of the convo- 
lutioue. Let OS take an instance. In what terms are we to 

tli« torm conlraelvre, it meant tlie mor« or lean ptmiKnciit rigidity 
Bumi'liniCB >u[i«rveiicii In jiandjiii. In shorl, contraotura is |ialtuK 
niucaW eootnwtioa.— (ZVniMlator.) 
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speak of the lesions producing aphasia, if we cannot describe 
with accuracy the seat and configuration of the third frontal 
convolution ? Again, how are we to recognise in man the so- 
called psychomotor regions, which were discovered in animals 
through the researches of Fritsch, Hitzig, and Ferrier, if we 
are unacquainted with the arrangement of the folds and furrows 
on the grey matter of the parietal and posterior parts of the 
frontal lobe ? How many observations calculated to shed light 
on these interesting questions of localisation have remained 
valueless, because, through insufficient knowledge of the morbid 
parts, an exact description could not be given ! 

Therefore, with a view to obviating, as far as possible this 
blank in the anatomical descriptions of the cerebrum under 
normal conditions, it has long been my custom to represent on 
diagrams drawn after nature the seat of encephalic lesions. 
In the absence of these precautions, it is impossible to obtain 
notions exempt from criticism. After all, this subject is far 
from presenting the difficulties which we are at first inclined to 
suppose. Although hitherto the fullest information has not 
made its way into classical works, it is found abundantly 
elsewhere. Without mentioning the standard works of Leuret 
and Gratiolet, of BischoflF, Arnold, Turner, &c., which it is 
unnecessary to consult on every occasion, I recommend for 
your use the small manual by Ecker.^ In it you will find, 
with synonyms, a nomenclature reduced to very simple terms, 
and a collection of good topographical plates. 

At my advice, these plates were utilised by M. H. Duret in 
his important memoir on the circulation of the encephalon. 

Finally, we have in France an excellent work on this subject. 
It is a thesis, written by M. Gromier at the suggestion of M. 
Broca, and entitled : ' Stude sur les circonvolutions chez 
Thomme et chez le singe,' (1874). 

Comparative anatomy, on its part, is of great assistance in 
the study of the convolutions. Between the ape and man, for 
example, there is a striking resemblance^ so far as the funda- 

' *Die Himwindungen des Menschen nach eigenen Untereuchungen 
insbesondere fiber die Entwicklung derselben beim Fotus und mit Riicksicht 
auf das BediirfniBS der Arzte.' Brunswick, 1869. There is an English 
translation of this work. 

* In reference to this subject, read in the last edition of Darwin's work. 



COSVOLUnOSS op the monkey 8 BEAIN. 



11^ 



mental folds and fissures are concerned. Such an arrangement 
which, in man, appears almost uuintelUgible, is readily expUc 
able on acconnt of its greater simplicity, when we csaminc the 
monkey's brain. For this reason I would endeavour, before 
speaking to yoii of the convolutions of the human cerebrum, 
to give a very brief account of those described in the ape. 

This study will aflurd you the more interest since experiment I 
has already demonstrated on some of the convolutions in the 
monkey the reality of the so-called psychomotor ]ioints, into 
the existence of which it is necessary to inquire on the corre- 
sponding arese in the human cerebrum, placing onr reliance no 
longer on experiment, but on clinical facts and pathological 
anatomy. This is the representation of a monkey's brain as 
teen laterally (Fig. 2}, after a figure takeu from M. Gromier's 
work. It refers to the liaboou {Pilhecwi innttas), an ape of I 
rather a low rank in other respects. For the moment, 1 shall 
occupy myself with the description of the external aspect of 
the hemisphere, the internal and inferior surfaces having for 
the subject, which ia cugagiug our attention, only a minor 
importance. 

We notice, in the first place, two long fissures, of which one 
is the fissure of Rolando (* r), the other the fissure of Sylvius 
(ft"). These two primary sulci converge to one point, and 
mark out the limits of the external surface of the frontal lobe. 
We sec, next, more posteriorly another &8sure, Ifte external 
perpendicular or pariclo-occipilat (« p e), which in the ape 
clearly divides the occipital from the temporal and parietal 
lobes. Id man this separation is much leas evident in con- 
sequence of the presence of what ore called the annectant 
coiiToIutiona, which fill iu this groove more or less com- 
pletely. 

The parietal and sphenoidal lobes in the ape arc dilTcrenUated 
less distinctly, so that in order to establish the demarcation it 
is necessary to prolong the fissure of Sylvius by an imaginary 
line passing through a convolution known by the name of the 
pli courbe (p c) or gyrus antpilarii. 

The external surface of the cerebral bcmiaphcre is divided 

• Unccut ai Mui" (LoiukiD. 1874), sn iiiIi^re*liD|f Bote t? PPofaHeir 
" Kol« oD th« RcMnblsncH ami DifTinvnc«i m tlw IHnictnr* aad 
rolci>iiicat of tlw Biaia in Usa sad A^" (p. 199). 
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then into four lobes : the frontalj parietal, sphenoidal and 
occipital. 

Each of these, in its tarn, is subdivided by fissares or sulci of 
the second order into secondary lobes, which are termed gjii 
or convolntiont. 




Fia. 3. — EiterHBl snrface of the biun of the baboon {Fitheau 
ijmwu). After Bioca and Qromier. 

FiBsnres : s r> finore of Bolando ; b e f, transTene frootal 
fiMnre; g f ; fiosure of Sylvius; » p e, external perpeudicniar 
fiwure (external parieto-<occipital) ; * p, paiallel fissure. 

CoDTolations : p t a, ascending frontnl ; i, 3, 3, £rst, second and 
third frontal ; the number 3, which is wanting, should be below 
the dotted line extending from d to the number a ; p p a, ascend- 
ing parietftl 1 t p p a, superior parietal lobule ; p m i, inferior 
marginal convolution ; p e, angular gjrae (pEi courbe) ; I o, 
occipital lobe ; lo r, orbital lobe. 

Situation of the centiesfoiToluntarjmoTenientaon themonkey'i 
brain, after Ferrier. a, centres for the voluntary movementa of 
the anterior extremity ; b, centres for the posterior extremity ; C, 
movementa of rotation of the head and neck ; s, movemente of th« 
muscles of the face ; b, movements of the tongue, jaws, &o. ; r, 
certun movements of the eye, vision ; o, centre in connection with 
the movements of the eate and with hearing. 

FYontat lobe. — The praeentral sulcus or transverse jrontat 
fissure (> ef) limits anteriorly, on the frontal lobe, a convolntion 
parallel to the fissure of Sylvius. This is the ascending frontal 
conttoAt/ioN, and, with a view to lending more interest to this 
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rather uninteresting accoant, I will ask ^ou to notice that the 
upper portion of this convolution is, according to Ferrier, the 
Beat of the motor centres for the superior extremity of the oppo- 
site side (a). 

Sulci, perpendicular in direction to the preceding one, divide 
the remainder of the frontal lobe into three strata or con- 
volutions : — ( I ) The posterior extremity of the first constitutes, 
so Fcrrier niaiutaiuB, a centre (c), stimulation of which causes 
movements of the head. (2) According to the same author, 
the posterior part of the second is the centre (n) for the facial 
movements. (3) Iiaatly, in the third convolution in the 
monkey, there is situated a centre (k) presiding over the move- 
ments of the lips and tongue. 

Here, in the third convolution or, as the English call it, 
Broca's convolution, we iind in man the seat of the faculty of 
articulate language. As I do not wish to appear less French 
than the English, I am pleased to take the present opportunity 
of recognising the signal service which my eminent colleague 
has rendered to the cause of cerebral localisation. 

Parietal lobe. — The study of this lobe, which in man is so 
difficult, is, on the contrary, very easy in the monkey. The 
interparietal fissure divides it into two secondary lobules: — (i) 
The superior parUtal lobule {Ipp a), which, according to Perrier, 
is the centre (a) for the movements of the lower extremity. (;) 
The inferior parietal or lobule of the gyrus angutaris, so called 
because of its connection with the lobule {p c) of the same 
name. Lastly a sulcus, better marked in the superior apes, 
separates the ascending parietal convolution from these lobules. 
In this lubule, extending as far as the superior extremity of 
the ascending frontal convolution, the centre (a) for the upper 
limb is situated. 

Sphenoidal lobe. — The relations of this lobe are readily 
intelligible. On the convex aspect of the hemisphere, it is 
bounded by the lower border of this surface and by the fisaars 
of Sylvius. The parallel fissure, so named because it pursues 
the same direction as the fissure of Sylvius, divides the lobo 
into two parts. In the upper portion we find the marginal 
convolution. At the extremity of the parallel fissure is the 
gTTQB angularifl, destruction of which, according to Fcrrier^ 
produces temporary blindness of the opposite eye. 
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Occ^tal lobe. — A tranBTeree snlcus divides this lobe into 
tvo parts ; but at present we have uotliiDg particularly to say 
with respect to it. 

After this brief account of tbe cerebral convolntions in tlie 
monkefj the study of the correBponding convolutions ia man 
becomes more simple. The description I am about to give, 
with the assistance of a figure copied from a plate in Forille'a 
beautifullf illustrated work, will at once confirm tbe tmtfa of 
my assertion (Fig. 3). 




Fig, 3. — ConvBi surface of one hemisphere of the humbn 
cerebram (Bemi-diugratonrntic view of the parietal lobe). 

Fissorea ; s, fissure of Holaado ; » >, fissure of , Sylvius ; s p, 
parallel fissure; o j), eiteraal paricto-oceipital fissare ; ip, inter- 
parietal fissure. 

ConvolntionB and lobnles: a, ascending frontal coDTotution 
(anterior parietal or anterior central) ; f,, f,, f,, firtt, Kcond and 
third frontal convolntions ; B, ascending parietal convolution 
(posterior parietal or posterior central) ; r,, uuperior parietal lobule; 
V,, inferior parietal lobale (lobule of tbe angular g\Tus) ; Pj, angular 
gyrus ; T|. Tj. T^ first, second and third temporal consolations. 



Yon will observe that the fissures of Sylvius and of Rolando 
(* t and r} constitute the inferior and posterior boundaries of the 
frontal lobe, on the surface of which yon will see the ascending 
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or anterior parietal convolution (a) and the first, second and 
third frontal convolutions {r,, r.^ r^. 

In man, as I remarked just now, the paneto-occipital fissure 
{op) separates the occipital from the parietal and sphenoidal 
lobes in a very ill-dcfincd manner, in consequence of the 
existence of the annectant convolutions. 

You will at once recognise the parietal convolution (a) behind 
the fissure of Itolaiido and between it and the interparietal 
fiuure[t p). Above and behind the latter, you will find in 
Ruccesaion the lobule of the parietal convolution or superior 
parietal lobule {p,}, the lobule of the gyrus angularis (p,), and 
lastly, the angular gyrus itself (pJ. 

As to the sphenoidal or temporal lobe, it presents in man, a» 
in the ape, a fissure extending to the angular gyrus. This is 
the parallel fissure, between which and the fissure of Sylvius 
we see the first temporal convolution (tJ ; below and behind 
are the two other temporal convolutions (tj, tJ. 

Hence, gentlemen, you have around the parietal lobes and ■ 
the fissures of Sylvius and liulando a certain number of fixed 
points which will serve to guide you at an autopsy. 



III. 



Thus, gentlemen, there are mapped out on the surface of the 
cncepbalon certain departments, the fixity of which cannot ha 
misconceived. Po these various are^, which correspond to the 
fundamental convolutions, represent so mauy distinct functional 
centres? This is a question which we are not in a position to 
answer, from the mere consideration of external architectural 
arrangements. 

At the present moment I should like to inquire with you if 
the microscopical examination of the structure of the grey 
matter, when compared iu the various regions marked out by 
descriptive anatomy, is not capable of supplying very important 
informntion to the subject which wc have under cousideration. 

For a long time naked-eye examinatiou has shown that there 
are difierences iu the composition of the cortex, corresponding 
to the various regions of the eucephalon. For example, let ui 
consider from this point of view the lower portion of the occi- 
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pital lobe. The grey matter belonging to the parts of this lobe, 
which surround the posterior comu of the lateral ventricles, 
has not the nearly uniform appearance peculiar to it in other 
regions of the cerebrum, as for instance in the anterior lobes. 
Vicq d'Azyr, indeed, had already pointed out that the grey 
matter of the convolutions in this part of the occipital lobe is 
very distinctly divided into two secondary layers which are 
separated by a white band, now called Vicq ffAzyr^s ribbon. 

The convolutions of the comu ammonis and island of Beil 
are also different in their naked-eye appearance from the cortex 
of the convolutions in other regions of the hemispheres. 

In order to thoroughly appreciate the value of these facts, it 
seems to me absolutely necessary to enter into some minute 
details. 



LECTURE II. 



STEUCTUEE OF THE CEREBRAL CORTES. 



SOHUARY. — General ttruciural characters oflhe cerelral cortex. 

Gaitglionic nerve-cells; pyramidal cells. Opinions regarding 
the »erve-eelU iit the anterior grey cortma of tie spinal cord 
{motor cells). Dimensions, form, body, nucleus, ntteleoltts, 
protoplasm, fibrils, and granulations ; nerve-networi ; pro^ 
longationa of the protoplasm ; nerve-prolongation. 

Comparison of the motor nerve-cells in the cord with the pyramidal 
cells. 

Pyramidal cells: dimensions; small variety; large variety or 
giant-cells. Constitution of these cells : con/tguration, body 
nucleus, nucleolus; cell-prolongations; pyramidal prolonga- 
tion ; prolongations resembling those of lite protoplasm ; basal 
prolongation. 

Globular cell-elements ; elongated cells. 

MednUary tubes ; neuroglia. 

Mutual relations of these elements ; type of five layers. 

Important results obtained by examining the structure of the cortex, 
convolution by convolution. Division of the cortex into two 
regions from a structural point of vicK. Investigations of 
Betz. 



GzNTLEMEX, — The structure of the cerebral cortex, in what- 
ever region of the hemispherea it may be studied, presents 
some general features which we must cousider before noticiDg 
the distinctive characters. It may be said^that all parts of 
the cortex are composed of the same essential elements. Each 
of these constituent elements may doubtless present, according 
to the region under observation, important deviations from the 
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normal type ; but, in the regional study of the structure of the 
grey matter, we must also take into careful consideration the 
variations in the mode of arrangement of these elements. 

After examining them separately, we shall inquire how they 
are disposed so as to constitute the cortex. Our description 
will naturally begin with those elements which incontestably 
play the most important part. I refer to the ganglionic nerve* 
cells which undoubtedly constitute the characteristic element of 
the region, and which are usually described under the name of 
pyramidal cells. 

The best method for thoroughly ascertaining the morpho- 
logical properties of these elements is not, perhaps, to inyestigite 
them exclusively in themselves. Accordingly, I thought it 
preferable to have recourse to the comparative method, relying 
on the common adage : " Light comes from contrast." 

Allow me, then, gentlemen, by way of introduction, to recall 
to your minds the principal features in the constitution of one 
of the cellular nerve-elements, the study of which is best 
understood at the present time. I allude to the nerve-cells in 
the anterior cornua of the grey matter of the spinal cord, also 
called motor cells. The abbreviated description, which I am 
about to give you of these nerve-cells, will supply us, if I may 
use the expression, with a standard. I shall have to notice in 
the following comparison, more than one difference, but I shall 
have also to mention in a special manner more than one 
remarkable analogy. 

The motor-cells are cells without distinct membrane, the 
diameter of which is variable, not exceeding however '050 mm* 
Nevertheless, M. Gerlach asserts that it may reach '120 mm. 
Their form is more or less globular, rarely elongated. Their 
body is made up of a protoplasm, which appears granular when 
we are observing the non-living cell; but in serum or after 
the action of osmic acid on a fresh cell, the body seems to be 
composed of a transparent protoplasm, in the centre of which, 
as Schultze has shown, numerous fibrils exist. 

These fibres undergo granular resolution from post-mortem 
changes. There are in the cell an oval nucleus and a bright 
nucleolus. Finally, I must notice also the habitual presence 
in the protoplasm, even under physiological conditions, of brown 
pigmentary granulations. 
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But one of the moat important peculiarities of these cells is 
that they are armed with numerous processes which, at the 
point of emergence from the cell, display a voluminous stem, 
diminishing in proportion as it undergoes progressive dicho- 
tomous diviBion. The last of these ramifications are so slender 
that it is difGcult to follow them very far. M. Gerlach, by 
means of preparations in chloride of gold, asserts that these 
ramifications terminate in a kind of anastomotic plexus, which 
he describes under the name of nerve-nttwork. These prolong- 
ations are composed, moreover, like the cellular body itself, of 
A granular protoplasm and of long parallel filaments, which 
eu be followed as far aa tbe body of the cell. Tbey are called 
the prolongations of the protoplastn, in order to distinguish them 
from another kind of prolongation, of which I am now going 
to speak to you. 

Dcitcr?, a German histologiat, discovered some years ago an 
important fact, confirmed since that time by all anatomists. 
It consists in this, that the majority of the motor nerve-cells, 
perhaps all, in addition to the processes which wc have described, 
possess a single x)rolongation for each cell, which is distinguished 
jrom the others by special characters. This process bears the 
name of nerve-prolongation, and you will perceive in a moment 
the meaning of this term. It ia disengaged from the body of 
tbe cell or from one of its largest prolongations under the form 
of a very slender filament, which gradually becomes more and 
more voluminous. This process never ramifies and it colours 
leu deeply with carmine than the prolongations of the proto- 
plasm. Lastly, if wc succeed in following it far enough, we 
SCO it covered, like an ordinary nerve, with a cylinder of 
myeline ; so that there arc grounds for considering it at its 
origin OS nn axis-cylinder, and, at a certain distauce, as a 
complete nerve. 

The connection between the nerve-cells and the medullary 
tubes, by means of this prolongation, is therefore beyond all 
doubt. 

Such, gentlemen, are the main characters of the spinal motor 
ncrve-colla, with which we must now compare the cortical 
pyramidal celli {Pig. 4). These latter have very variable 
dimensions. Some of them , which are the most uumerout, are 
nlatiTcly very small. These, which might be tenned th« 
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pyramidal cells of the small variety, have an average diameter 
of 'oio mm. at the base. The cells of the large variety^ whicb 
are less numerous than the preceding, usually occupy the lowest 
part of the layer of pyramidal ceUs. They may attain a diameter 
of '022 mm. (KoschewnikofF). 




Fio. 4. 



Lastly, there are the pyramidal giant-cells (Bieaensellen) 
which have been carefully studied by Betz (of Kiew) and 
Mierzejewski. They are met with in special and wdl-deter- 
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mined regions of tbe cortex. The diameter of these giaut-cella 
usually ranges from -040 mm. to "050 mm., or, in other words, 
it is equal to that of the ce!U in the anterior cornua of the 
cord. Notwithstaading these differences in size, the constitu- 
tion of the pyramidal cells appears to be in the main always the 
same. 

Consequently, we shall study it for the sake of convenience 
io the cells of the large variety or even in the giant-cells. 

The term, pyramidal cells, may up to a certain point be 
taken literally. Their shape, in fact, approaches that of a 
more or less elongated pyramid. The body of the cell, in 
which Schultzc affirms he baa recognised the fibrillar structure, 
corresponds to the description previously given. The nucleus, 
ficcording to many authors, is augiitar and reproduces, as it 
were, tbc general form of the cell. The nucleolus calls for no 
special account. 

The cell-prolongations present some interesting peculiarities. 
There is one that might be termed the pyramidal prolongation, 
because it undergoes progressive attenuation and thus con- 
tinues, so to speak, the body of the cell. In its course it gives 
off some lateral prolongations, and occasionally divides in a 
fork-like manner at its extremity, which is invariably directed 
towards the surface of the convolution. It follows, therefore, 
that the cell is so placed that the base lies parallel to the inner 
or medullary side of the cortical zone. Uther prolongations 
of the same nature proceed both from the angles and the 
base. 

The former ramify in the same manner as the proto- 
plasmic prolongations of the spinal motor cells. Do these 
prolongations become resolved in the cortex into a nerve- 
network, as is the case, according to M. tierlach, with the 
spinal cells? Some authors affirm that this is so. But, 
gentlemen, there undoubtedly exists in the pyramidal cells of 
the lai^e kind and in the giant-cells — perhaps also in the small 
CL-lls — a special prolongation, analogous to the cylindrical pro- 
cess of the spinal motor cells. In both eases alike, this is a 
filament which is slender at its origin, but which afterwards 
becomes slightly tbickcned. In successful preparations, it is 
posiible, at a certain distaucc from the cell, to see this prolonga- 
tiaa become cnehcatbcd in a cylinder of mydine. M. Kos- 
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chewnikoff ^ has incontestably yerified this fact by separating the 
cells in the anterio)r cerebnd lobes in a subject who had suc- 
cumbed to an encephalitis. 

Since the publication of his investigations^ the truth of this 
description has been frequently confirmed. 

This basal prolongation (Fig. 4 b), to employ the expression 
used by Meynert^ is always directed towards the medollaiy 
substance of the convolutions. All these details go to prove 
that it is impossible to mistake the analogies, which approxi- 
mate, on the one hand, the pyramidal cells of the cortex — at 
least the large and giant-cells — and on the other hand^ the 
motor cells of the anterior cornua. These analogies previously 
suspected on other grounds by M. Luys,^ we must take into 
consideration at a later stage. 

The pyramidal cells are not the only cellular elements to be 
found in the cortex. In addition, we see small cellular bodies, 
of a globular, rarely pyramidal form, measuring '008 to *oio 
mm. (Meynert)' and sometimes provided with small processes. 
They may be sparsely distributed in all directions or may^ in 
certain regions, form a fairly dense layer. 

Among the nerve-elements of the cortical zone, Meynert also 
includes the elongated cells, generally fusiform and ramified^ 
which in certain parts form a fifth layer. Most frequently, 
these cells have their long axes directed parallel to the fibres 
of the association system, which is constituted by the medullary 
fibres uniting one convolution to its neighbours {fibra arcuat€e). 
They appear to form part of this system. 

These then, gentlemen, are the cellular nerve-elements or 
such as are so reputed, which enter into the structure of the 
cortex. In relation with them there are others of which we 

' A. KoBchewnikoff, '' AxeDcylinderfortsatze der Nervenzellen im kleinea 
Him des Ealbes/' ' Scholtze's Archiv/ p. 332, 1869. " Axencjlinderforts&tse 
der Nervenzellen ans der Grosshimrinde/' idem, 1869, p. 375. Betz» 
' Centralblatt/ 1874, p. 579. Mierzejewski, " Etudes sor les lesions c^i^ 
brales dans la paralysie g^n^rale/' ' Archives de phjsiologie/ p. 194, 1875. 
J. Batty Tnke, "MoriBonian Lectures." 'Edinb. Med. Joum, p. 394, 
May, 1874. 

* J. Lays, ' Bechercbes sur le syst^me nervenx,' Ac, p. 163, and following. 
Paris, 1865. 

* Meynert, * Strieker's Handb./ vol. ii, and English translation vol ii, 
p. 381, and following. 
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must make mention : — the medullar!/ tubes and tbe neuroglia. 
These last, which penetrate the grey matter in the form of 
fasciculi, shall not detain us at prcscot; to this subject we 
shall return shortly. As regards tlie neuroglia, otherwise 
known ander the name of ependyma (Itokitansky), it serves the 
part of a cona<!ctiug substauce. I am not going to give a 
detailed aecouut of the structurdl peculiarities relative to the 
neuroglia of the grey matter. I shall simply remind you that 
of late several authors have cousidcrcil it as composed of a dis- 
tinct variety of connective cells, the body of which is made up 
of a very small amount of protoplasm aud furnished with noQ- 
ramifyiug prolongations (spider-cells of Boll and Gol<^i]. 

These prolongations, iuextricubly blended together and 
cemented by a certain quantity of interposed gelatinous matter, 
would appear to compose the entire mass of the neuroglia. We 
shall have to discuss this explanation at a subsequent stage. 
Without denying the existence, under normal conditions, of 
branching cells in certain regions (cells of Deitera), 1 shall 
merely remark that, in all probability, the grey matter in this 
respect is constructed on the same model as the white sub- 
stance. In other words the neuroglia here should correspond 
tu the type of ordinary connective tissue -. — connective fasciculi 
and ll&t cells (iUuvier); only, in the neuroglia the fibrillar 
elements would be more loosely arranged than elsewhere. At 
present, I must puss over the consideration of the vessels, which 
will shortly receive special attention on our part. 

£uough. I think, has been said concerning the individual 
history of the various elements which compose the grey 
matter. It is now necessary to inijuire into the mode of 
arrangement of these clement* aud into the differences which 
may be noticed, cither in this respect or in relation to the con- 
stitution of the elements themselves, in each of the regions 
marked off on the surface of the hemispheres by the primary 
sulci. 

The mode of arrangement, which may be considered as repre- 
senting the conimonest and moat general type, is that in which 
we distinguish, in thin microscopical sections, five superimposed 
layers. 

In the anterior lobca it is found nearly ereiywhcre. The 
elements arc distributed in the followiug manner: 
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pigment in the cells and of the abundance of capillary yessdsj 
this region of the cortex presents to the eye a yellowish tinge. 

(4.) Next come the fourth layer (Fig. 5^ 4) in which we see 
globular granulations or cells of an ill-defined nature^ and the 
Jifth, where we find the fusiform cells of which we spoke a few 
moments ago (Fig. 5, 5). 

This summary investigation will enable us to appreciate the 
interest afforded by the examination of the structure of the 
grey cortical matter^ when made convolution by convolution. 

Moveover it has long been known that certain regions of 
the cortex differ^ as regards structure^ in a very remarkable 
manner. But the most recent and most valuable researches on 
this subject are those accomplished by Betz^ the results of 
which were published in the ' Centralblatt ' of last year.^ Betz 
made it his purpose to study the textural modifications pre- 
sented by the grey matter^ convolution by convolution. From 
this standpoint^ we must distinguish, according to him, on the 
surface of the hemispheres two fundamental regions, which are 
4» nearly as possible bounded by the fissure of Rolando. 

In front of this fissure, the cortex is characterised by the 
predominance of the large pyramidal cells over the globular 
<;ells. The orbital region is comprised within this circumscribed 
area. 

Behind, the region includes all the sphenoidal and occipital 
lobes and the median part as far as the anterior border of the 
quadrilateral lobe. The granular layers preponderate here over 
the large cells, which are relatively rare. In each of these 
regions, moreover, there is a special department, which calls 
for notice. In the first place, let us consider that of the 
posterior region. 

(i.) The nerve-elements here, which are well developed, are 
€ells of considerable size. Before the discovery of the giant- 
eells they were, according to Meynert, the largest to be found 
in the hemispherical cortex. They are sometimes '030 mm. in 
diameter; but the prolongations of the protoplasm are few in 
number, and the basal prolongation, which is directed horizon- 
tally, sometimes forms a communication between two cells. 
The area, in which this arrangement is observed, includes : — (a) 

^ P. BetZy in Kiew, '' Anatonusoher Nachweis zweier Ckhimoenira," 
^CentralbUU,' 1874, Nos. 37 and 38. 
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thecuneus; (li) the posterior half of the lingual and fusifona 
lobules; [c] all the occipital lobe; ((/) the tvo first sphenoidal 
and the anncctatit convuliitioas. According to Betz, this 
region is concerned with the functions of sensibility. It ia 
now a long time since, on other grounds of an anatomical 
nature to which we shall return, that the posterior parts of the 
cerebrum were marked out as being the seat of the semorium. 

(a.) The department in the anterior lobe deserving of special 
mention, might he called, yon will see for what reason, the 
department of the pyramidal ffiant-celU or motor cells par 
excellence. 

It inclndes the entire length of the anterior frontal convo- 
lution, the superior extremity of the anterior parietal coa- 
Tolotion, and, lastly, a region presently to be noticed under the 
name of paracental loliule, which is situated on the internal 
surface of the hemisperes ut the extremity of the ascending 
froutal and psrietal convolutions. 

It is here that the giant-cells are almost exclusively found. 
Their distribution is not uniform, for they arc more numerous 
than elsewhere at the superior extremities of the two median 
convolutions and especially in the paracentral lobule. Tliey 
are disposed in groups or islets, and are found, in the parts just 
indicated, in monkeys of every kind, from the inferior apes to 
the chimpanzee. Finally, in the dog, Bctz has observed these 
same cells in the parts described by Fritsch and Hitzig as 
motor centres or, in other words, in the regions situated around 
the crucial vulcns. What increases the interest of this fact is 
tliat, in the dog, the pyramidal giant-cells exist only in the so- 
called psychomotor regions. 

It haa doubtless not escaped your notice, gentlemen, that 
this distribution of the large nervc-cclls in the monkey is almost 
exclusively conGued to the convolutions, in which Fcrrier's 
experiment)! have sho«rn the existence of motor points or, in 
other words, of central convolutions. The interesting results 
furnished by histological investigation, when combined with 
experimental and pathological facts, cannot fail to throw some 
li^ht on the history of cerebral localisation. 





LECTURE III. 

ACCOUNT OP THE NORMAL STRUCTURE OP THE 

CORTEX (cofUinued). 

Summary. — Description of a section af the cerebellar cortex. The 
cellular nerve-elements are arranged according to the type of 
stratification in five layers* Regions in which this type exists. 
Department of the pyramidal or giant-cells. Relation between 
these cells and the psychomotor centres. 
Description of the internal surface of the cerebral hemispheres. 
Paracentral lobule. Ascending convolutions. Clinical and 
experimental facts bearing on the development of the pyramidal 
giant-cells. Structure of the cortex in the posterior regions of 
the ejicephalon. 

Gentlemen^ — Before entering more closely upon the ques- 
tion which^ in these preliminary lectures^ has been our real 
object, namely, as you remember, the theory of localisation in 
cerebral diseases, I must complete the considerations which I 
was induced to lay before you in the last lecture with respect to 
the normal structure of the cortex, as studied comparatively in 
the various regions of the cerebral hemispheres. 

A. First of all I must consider this structure in its common^ 
that is to say, in its most generally distributed type. We 
might, with Meynert, designate it under the name of type of 
stratification in five layers of the cellular nerve-elements or such 
as are so reputed. I shall recall to your minds very briefly 
the most characteristic features of this structure. To that end 
I must again invite your attention to Fig. 5, which represents 
a section of the third frontal convolution, made at the lowest 
part of the separating fissure. 

With a view to establishing a contrast^ I think it will be of 
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advantage to give a description, borrowed like the preceding 
from Meynert, of a section of the cerebellar cortex. 

Here you will notice successively : — (i) Atbicklayer, poor in 
cellular elements, wbich receives the protoplasmic prolongations 
of the nerve-cells situated in the subjacent stratum; {a) lower 
down, a layer in which, according to Meynert, there are found 
fusiform cells, and medullary fihres parallel to the limiting 
line ; (3) below, the cells of Purkinje occupying the upper part 
of a well-marked granular layer; still lower, the medullary 
suhstance.^ 

If, now, you glance at the figure representing the five layers 
of the cerebral cortex, you will see that the grey cortical matter 
is not constituted exactly on the same plan in the various cir- 
cumscribed arcie of the encephalou. I shall presently call your 
attention to some well-pronounced and striking points of differ- 
ence, according to the region of the hemispheres under exami- 
nation ; but I must) first of all, return to the type of livs 
layers. 

B. The mode of arrangement thus designated is found in aU 
the regions of the hemisphere situated in front of the fissure 
of Rolando and for a short distance behind it, in a part of the 
parietal lobes ; the line of demarcation towards the occipital 
lobe, however, is ill-defined. 

Wc shall see presently that this type appears to tindergo very 
remarkable modifications in the posterior parts of the ence- 
pbalon, including: — (1) All the sphenoidal lobe, (i) the occi- 
pital lobe, and (3) lastly, those parts of the cortex on the 
internal surface, which arc circumscribed by the posterior 
eitremity of the lobe and by a fissure forming the posterior 
boundary of a perfectly distinct region, which we shall pre- 
sently describe under the name of lobus quadratus. 

(a) But for the sake of greater perspicuity it is necessary, I 
think, to return to a point which I have already noticed. I 
allude to the fact that there exists in those regions of the hemi- 
sphere where the type of five layers constantly prevails, a dis- 
tinct department, the cortex of which is distinguished as 
regards structure, by an interesting peculiarity. I refer to t 
constant presence in this region of pyramidal cells, which a 
comparatively speaking, of enormous dimensions, and ou I 
* See also II«nle, ' Ncrveuluhre,' Jic., fig. 161, iC^A, i(ij n. 
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account have been called giant-cells. These cells^ whilst pre* 
serving the pyramidal form peculiar to the cellular-nerve 
elements of the region^ are^ as you know^ distinguished not only 
by their size but also by the distinctness of the nerve-prolonga- 
tion and the development of the protoplasmic prolongations. 
These latter characteristics justify us in comparing them with 
the motor nerve-cells in the anterior cornua of the spinal cord. 
The regions in which this important peculiarity exists are, 
strictly speaking, the central regions of the external surface of 
the hemisphere, namely, the ascending frontal and parietal 
convolutions^ especially at their upper part ; and a small lobule 
situated on the internal surface of the hemisphere which, having 
remained nameless hitherto, Betz has proposed to call the pora- 
ccntral lobule (Fig. 6, lp) . I must remind you that the existence 
of these large cells in the cortex, and their localisation in the 
regions just indicated, were first recognised by Betz and Mier- 
zejewski. The results obtained by these authors have been 
recently confirmed by J. Batty Tuke in his Edinburgh lectures.^ 
I also have had the opportunity of corroborating their accuracy: 
I have endeavoured to show you that the regions which are dis- 
tinguished by this structural peculiarity are identical with those 
in which, according to Ferrier's experiments on the monkey, 
the psychomotor centres for the extremities are situated.^ Did 
not this coincidence, gentlemen, merit your attention ? 

Allow me also to revert to the fact that the points in the dog, 
which are supposed to be excito-motor in accordance with the 
experiments of Ferrier and with the previous researches of 
Hitzig, are distinguished, according to Betz, by the presence 
of the pyramidal giant-cells, which are found in no other part 
of the cortex in these animals. 

I consider myself justified, from the responsibility of my posi- 
tion, in insisting upon these truths and in establishing, as 
clearly as possible, all these details in your minds. 

[b) These facts evidently confer a special interest on those 
regions of the hemisphere, in which this anatomical peculiarity 
is observed. In order to be in a position to describe them with 

' Edinburgh Med. Joum.i Nov., 1874, p. 394. 

* ' West Riding Asylum Medical Reports/ vol. iv, p. 49 and 50. ' Pro- 
leediBgB of the Boyal Society/ No. 151, 1874. ' British Medical Journal,' 
ie. x^th, 1874. 
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accuracy in post-mortem records, it is therefore, I think, of im- 
mense advantage to possess a thorough topographical acquaint- 
ance with these regions. Consequently I shall, with your per- 
mission, treat this subject somewhat in detail. Moreover, we 
shall have a convenient opportunity of describing the configura- 
tion of the median itspect of the hemispheres, n region which, 
m my opinion, has hitherto rcmuncd rather too much in the 
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i 8e, ctlcariue fiMDroi 1^7, tn^i-iiTvi.' iW-nrv of the para- 
1 qentnJ lobule ■ 8r, oppcr citmmitT oE the GMare of Rolsiido. 
L&P. paracentnil lobolei lq, lobiu quAdntaa or pnocnntMiB ; to, 
meifonn lubnle or coneus ; Lt>, oocipital loW ; CH, convolution 
[ the liippocAmpiu ; cx, convolution of the conm ammouiB ; cc, 
rolution of tha corpus cttlloBum ; CF, internal upect of the 
nt frootal convolution: 1, corpus calloium i a, caritj of tho 
Bt«Tft1 vCntriclo ; 3, optic thalamui t 4> anterior ftnd eitemal put 
i thr era* cerebri ; 5. &wda dcnt«tk. (For the topograph; of tha 
•diitn wpoct of the cetcbnim, consult pi. viii in Foville'i ' Atlui' 
land fig. 4 in Eckor'i work). 

"We are already acquainted with the disposition of the 
ascending convolutions from their origin to the upper Iwrder of 
the hemisphere, so that we can now concentrate our attention 
on the arrangements observed on the internal surface of the 
hemisphere. In this section (Fig. 6), which has divided the 
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corpus callosum from before backwards^ you first of all notice 
in die centre the cut surface of this large commissure (Fig. 6, 
i); below are the septum lucidum^ the internal aspect of the 
optic thalamus (Fig. 6, 3)^ and lastly^ the divided surface of the 
cms cerebri (Fig. 6, 4). 

In order to have an accurate idea of the position of the parts, 
let us take a fixed point on the external surface with which we 
are now familiarly acquainted^ and let us follow the course of 
the fissure of Rolando as far as its most internal extremity (5r)« 
This fissure sometimes terminates a little below the inter-hemi- 
spherical cleft^ but at other times is prolonged up to it^ causing 
a kind of notch {Sr) on the superior border of the hemisphere. 
The paracentral lobe (lp) is situated immediately bdow this 
point. It is bounded as follows : behind by an oblique fisaure, 
which is really the continuation backwards of the calloso-mar- 
ginal (this fissure when prolonged limits posteriorly the ascend- 
ing parietal convolution) ; below^ by the horizontal portion of the 
calloso-marginal fissure {Scm), which separates it from the convo- 
lution of the corpus callosum {gyrus fornicatua) ; in front by a 
sulcus, which is usually of little depth, but occasionally, when 
prolonged over the external surface of the hemisphere, marks 
ofiP, anteriorly, the internal part of the ascending frontal convo- 
lution, and thus forms the boundary of the paracentral lobule. 

Accordingly we have under observation a small lobule, of 
quadrilateral form, the greatest diameter of which is from 
before backwards. As a rule, a sulcus of inconsiderable depth 
{St), situated at an equal distance from the superior and inferior 
borders, courses through it lengthwise. In short, taking into 
account both its structure and relations, we may say that the 
paracentral lobe represents the two ascending convolutions 
reversed on the median surface of the hemisphere. 

This point being established, the considerations we have yet 
to propound concerning the topography of the internal surface 
of the hemispheres are not difficult to present : — (i) in front of 
the paracentral lobule you will recognise the median surface of 
the first frontal convolution (cf); (2) below, and separated 
from the preceding by the calloso-marginal fissure is the con- 
volution of the corpus callosum (cc) {gyrus fomicatus); (3) 
this convolution is continuous behind with a perfectly circnm- 
•cribed lobule called the lobus quadratus (lq) {avarU-coin, 
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Vorztvickel, precuneus). It belongs, properly speaking, to the 
parietal lobe, and is, as it were, the internal or median surface 
of the superior parietal lobule. Beliinil, the parieto-occipilal 
fi»$ure which at this point ia well marked because it is not 
interrupted as on the external surface by the anuectant con- 
Tolutions, distinctly separates the lobus quadrotus from the 
occipital lobe; [4) immediately behind the lobus quadratus, in 
the domain of the occipital lobe, there is seen a triangular 
lobule, the apex of which is below and in front, the base behind 
and above, and which is bounded posteriorly by a deep sulcus, 
the calcarine fisMurt!. 

This small lobule (l c) is called the euneua [coin, Zioicketi ; 
(5) below the triangle you observe the promiscuous arrangement 
between the occipital and sphenoidal lobes previously pointed 
out on the exterual surface. For the sake of convenience we 
distinguish especially two convolutions^ running in an antero- 
posterior direction. These are: — {«) the lateral occipito-sphe- 
noidal ox fu»\fortn lobule; {b) the median occipito-sphenoidal 
at lingual lobuU ; (6)1 shall confine myself to merely mentioning 
the lobule of the hippocampus which lies more anteriorly in the 
ceutre of the sphenoidal lobe, and the crotchet which forms 
part of the sj stem of the eornu ammouis. 

In the course of these lectures we shall doubtless have the 
opportunity of utilising the topographical data we have just 
acquired, but I hasten to conclude this description which at the 
present time constitutes, in some respects, a digression. 

c. I return, gentlemen, to the paracentral lobule and ascending 
con volutions. The latter have already obtained a history in 
experimental pathology and, at a later stage, I shall have 
occasion to show you that they also possess a history in human 
pathology. 

1 am not aware that the paracentral lobule which exists iu 
the monkey aa in roan, at any rate iu the higher apes, has ever 
been the object of phyxioUtgical investigation. 

(a) An appn^priate opportunity now occurs, of which I must 
avail myself, of noticing a fact iti human pathology which tf 
its kind is still unique and which henceforth lends considerabh 
interest to this lobule. The case I am about to relate 
published by a careful observer, M. Sander.' 
' ' CcntrsIbUtt.' 1873 
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A child^ who died at the age of fifteen^ had been seized daring 
its third year with infantile spinal paralysis. The disease had 
caused more or less atrophy of all the limbs^ especially on the 
left side. The autopsy revealed in the cord all the lesions 
described by French authors. A minute examination of the 
cerebrum showed that the two ascending convolutions on the 
external surface were much shorter than in the normal state. 
They left the island of Beil slightly exposed and^ moreoTeTi 
were destitute of folds. The paracentral lobule was quite 
rudimentary^ and in this respect contrasted with all the other 
convolutions which had acquired perfect development. Finally^ 
the lesions were more pronounced in the right than in the Idft 
hemisphere^ which is in accordance with the circumstance that 
the spinal lesions were more marked on the left than on the 
right side. 

The author expresses the opinion that^ in this case^ the limbi 
having been completely paralysed at an early date^ consequent 
on a profound spinal lesion^ the pyschomotor centres were 
affected with inertia at a period when they were still in course 
of evolution and^ accordingly^ underwent arrest of development 
This explanation^ I confess^ appears to me deserving of con- 
sideration. It is a matter of regret^ however^ that the idea 
did not occur of investigating the condition of the nenre-cellt 
in the psychomotor centres. 

A case^ observed by M. Luys^ in some respects resembles the 
preceding. In a case of old amputation^ my colleague at Lt 
Salp^triere noticed atrophy of the cerebral convolutions on the 
side opposite to the amputated limb. Unfortunately, the seat 
of the atrophy, at least to my mind, was not precisely indicated. 

(b) Hence, I am led to speak to you of another fact, still in 
reference to the department of the encephalon, which is now 
engaging our attention. This fact is as follows: — ^According 
to the observations of Betz, the pyramidal giant-cells in yerv 
young children exist but in small quantity; it is only at a 
later period that their number increases, and this increase takes 
place, in all probability, under the influence of functional 
activity. This fact should be compared, on the one hand^ with 
Sander's case, and, on the other hand, with an observation of 
an|^experimental nature, recently published by M. Soltmann.^ 
I " Beizbarkeit der GrosshirDrinde," ' Centralblatt/ 1875, No. 14. 
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This author (and, I believe, Professor Rouget, of Mootpellier, 
has also made a Bimilor obserration} remarked that in newly-born 
puppies stimulation of the regions corresponding to the seat of 
the psychomotor points produced no muscular movement in the 
corresponding limbs, although shortly after birth, about the 
ninth or tenth day, these points became excitable. 

These observations, few as they are, are worthy of considers' 
tion, since they would seem to indicate that the psychomotor 
centres arc not pre-established, if I may use the expression, so 
much in an anatomical as in a physiological point of view. 
They undergo development with age, under the influence, 
doubtless, of functional activity. In support of this view I 
shall make some concluding remarks relative to the special 
subject now under our consideration. 

The regions in which the large cells are found belong to 
the type of five layers, and their only definite and anatomical 
characteristic is the actual presence of these giaut-celh. Now, 
these latter have no essentially morphological points of difference 
from tho pyramidal cells of the large variety, which possess, 
according to the results of Koschewuikoff's researches, in 
addition to the prolongations of the protoplasm, the nerve- 
prolongations peculiar to motor cells. It seems a natural 
question to ask whether these cells and even those of the small 
variety, which represent them in miniature, would not be 
capable in certain conditions, under the iutlueuce, for example, 
of abuormal functional irritation, of acquiring development and 
thus giving rise to supplementary motor centres which might 
replace the primitive centres dcatroyed by some lesion. 

We could thus explain, for instance, how voluntary move- 
ments are reproduced in a limb uotwithatauding the destruction 
of a motor centre. Recovery in the case of aphasia, which has 
several times been observed, in spite of the persistence of the 
lesion in the third frontal convolution, is a typical instance oC 
this phenomenon. 

u. To finish the account of the structure of the cerebrt£ 
cortex, I have only to make some very brief observations with 
reference to the peculiarities of this structure in the posterior 
regions of the cuccphalon. The parts in which these pecu> 
tiuities are found include, as I hove already said, the entire 
occipital lobe, the sphenoidal lobe, atid the posterior and median 




86 THE SEAT OF THE COMMON SENSOBIUIT. 

region^ of the hemisphere as far as the posterior border of the 
lobus quadratus. 

The general chiBuracteristic feature of the cortex in these parti 
is that the pyramidal nerve-cells are few in number and of 
inconsiderable size^ whereas^ on the other hand^ the granular 
bodies are notably in excess. The large nerve-cella are^ indeed, 
present^ but they are comparatively thinly scattered or soUtary, 
to use Meynert's expression. 

Betz states that they have no distinct nerve-prolongation and 
that even the protoplasmic processes are ill-developed. The 
cerebral regions^ in which this arrangement is met with^ oone- 
spond, according to many authors, to the common sensariMim. 

If this explanation be correct, it follows that the cells, of 
which we have just spoken, are sensory cells. This hypothesk 
receives further confirmation from certain anatomical and 
pathological facts which I shall have to consider more in detail 
at a later stage. 



LECTURE IV. 



PARALLEL BETWEEN SPINAL AND CEREBRAL LESIONS. 



SuHUART. — InditpemabU conditiom for tie ituJy of cerebral 

localiaaiion in human dUeaaei 
NeceaiitgfuT good clinical obtermtion and careful autopey. 
Natural Halory of encephalic lettont. 
Parallel between the great divietoat of tie cerehro-tpinal axi*. 

S/tlematitation of leiions in He tplnal cord. Spinal localtia- 

turn. 
The cerebrum it placed under a different pathological lav from the 

other parte of lie neuro-azit : rarilg of localisation. Farit^ 

,/k.ic. 
^equencg of vaKutar lenont in cerebral affecliont. 
Keeeititji for the itudji of the vascular dittrihution. 
External distribution of the cerebral arteries. 

Gkntlkmbn, — I hope I have succeeded in making you tbo- 
rougfalv underatand, in the preceding lectures, that without the 
preliminary acquisition of sound and precise knowledge in 
normal anatomy, it would have been uselena tor bb to enter the 
domain which we propose to travel over together. 

The subordinatiou of pathological to normal anatomy ia, in 
truth, especially manifest iu all questions relative to cerebral 
pathology. You will, in a moment, recognise this once again. 




Allow roe, in inaugurating to-day'a meeting, to recall to your 
minds the conditious which arc indispensable for the preliminary 
study of the problems rolattug to the cerebral localitalion qf 
human diteater. Theac eBscntial conditions are the following-. 
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— (i) Ch>od clinical obseryation made, as much as pomUej in 
accordance with the facts of experimental physiology ; (a) an 
exact, that is to say anatomically speaking, a perfectly explicit 
autopsy. 

The topographical inquiries to which we have already 
devoted attention have greatly fi&cilitated our progress, for I7 
their means we are in a position to determine, better perhaps 
than has hitherto been done, the extent and configuration of 
lesions seen post mortem. But, gentlemen, we must indeed 
confess that in the special subject under our consideration the 
most exact and minute anatomical observations cannot always 
be utilised. Here, as elsewhere, it is important to make a judi- 
cious selection, and in this respect there will be more than one 
difficulty which we shall have to surmount. 

In order that you may have an accurate knowledge of the 
condition of affairs, it is essential, I think, to take a preliminary 
and general survey of what I should like to call the naiwral 
history of encephalic lesions. 

1. What are the changes likely to affect the encephalon (the 
cerebrum in particular) ? It is evident that we are now refer- 
ring only to the most usual and commonest forms, and to 
partial or focal lesions, as they are also called, which alone can 
be utilised in such a subject. 

2. What are the general anatomical conditions which preside 
over, either the development, or, the mode of distribution of 
these lesions ? For, gentlemen, in this order of things nothing 
happens by chance, even in the encephalon. In order to attain 
our end, I propose to have recourse once more to the compara- 
tive method, which is an agent of great power in the natural 
sciences. From the standpoint of pathological anatomy, I shall 
draw a kind of parallel between the main divisions of the 
cerebro-spinal axis or, in other words, of the neuro-^ixis (if you 
will kindly consent to the use of this term, which has been 
adopted in M. Piorry^s nomenclature), viz. (a) the spinal cord, 
(i) the medulla oblongata, (c) the cerebrum proper. 

A. A great fact may be said to govern the pathological phy- 
siology of the spinal cord ; it is the widely-distributed existence 
in this domain of the so-called system lesions. By this c aq p res* 
sion, which I borrow from M. Yulpian, we mean to designate 
lesions which are circumscribed systematically-^the tena is 
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perfectly appropriate — without trespassing on certain well- 
defined regions in this complex organ. As an illustratioa of 
this I must ask you to glance at Fig. a i, which will remind yoa 
of our previous studies. 

You have not forgotten that there are lesions confined to the 
anterior grey cornua (Fig. 7 d, d.). These are of the acute 
kind, infantile paralysis ; of the chronic variety, the different 
forms of progressive spinal amyotrophy. There are others 
limited to the lateral columns, which are characterised by 
paresis of the extremities with tendency to contracture. 

You are aware that the columns of Ooll may be affected 
separately, and that lesion of the posterior root-ione (Fig. 7, 
B, b) is the only anatomical tubatratum required for tabetic sym- 
ptoms.^ Under the regulating iufiuence of experiments on 
animals, and the control exercised by clinical observation, 
pathological anatomy has succeeded in decomposing in man 
that complex organ which we call the spinal cord into a certain 
number of compartments, departments, and secondary organs. 
There correspond to the system lesions of these various organs 
as many groups of symptoms having a recognised clinical exist- 
ence, and thus constituting in spinal pathology a certain number 
of elemtntary affections. In decomposing the hybrid and com- 
plex forms the analysis which is based on a knowledge of these 
elemeutary affections is of great assistance. 

There is do doubt that the study of these system lesions has 
powerfully oontributed in extricating the question of spinal 
localisation from the chaos in which it had long remained 
plunged. 

B, System lesions are also met with in the medulla oblongata, 

> Oowcn {' Tlie DUgnosu of DUcmm of the Spinkl Card, 2iid edition, 
p. g — ti) jtutly iruMtn on the iDodvis&bilit; of associating, in Bci«uUlia 
woTki, tlw Tsriotu partd of the cord wilh this oamei uf wrtun indiTidoili. 
U« propow* that w« ihoali nbaQdon, for itutaaoo, tho tenns *' oolomns of 
Ooll," and " colanm* of Burdaoh," in tavoar, r««pMiivdy. of pottaro-madtaB 
Mid poataro-nfcnial colonuu. M. Cbaioot csUs ths Utl«r pntsrioi nx>t- 
■one (ton* radievlaire potUriturt). Ha«t of th« posterior nerre-roots, it 
snst bo remambrrail, before rwobing the grej mmttvr pSM throngh the outer 
put of the iioetoro-nlenial eolunuu, but in the lumbar region* Ihoj 
peavtiat* farther Into three Mluiuae than elsewberv. Thb anetomical 
fact is of great pnctical import>Dc« in referenoe to locomotor ataxy. — 
(ThMuIator.) 



4 
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the pon> Varolii, and even in the crura cerebri. I will citc^ ■■ 
exunples, ■econdarj apinal degenerations conseqaent on ence- 
phalic lesions, primary and symnietrical icleroBis of the latenl 
columnH, bulbar paralysis from lesions confined to the nndei <tf 
origin of nerrea, &g. 




Fia. 7. — 1, *, laUnJ column*; i', coliunna o( Tflrokj B, B, 
potterioT root-zones ; c, c, porterior comna ; D, D, anterior oomna ; 
r, anterior loot-zooe ; E, colnmnB of Goll. 



But this mode of pathological alteration apparently ceases to 
exist higher np and, so far as the present time is concerned, we 
may assert that system lesions in the brain are absent. So in 
the (Cerebrum, we are as yet unacquainted, strictly speaking, 
with lesions systematically limited to the optic tbalami, to the 
different nuclei of the corpus striatum, and to the rariona cir- 
cumscribed arefe of the cortex. Not indeed that limited ana- 
tomical localisations, adapted to research, cannot take place io 
the encephalon, but they are comparatively rare and, in a 
manner, accidental. 

What is the material explanation of this singular fact? It 
is that the encephalon is placed, if I may thus express myielf, 
under a different pathological law from the other parts of the 
neuro-axis. 

Indeed, we may assert in a general fashion that, in the 
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encephaloa and more particularly io the cerebrum, the vascular 
gyBtem {arterita, vetna, capillaries) governs the situation. 

In reference to thi» subject I must recall to your minds the 
importauce of vascular ruptures giving rise to circumacribed 
intra- encephalic hieiuorrhage, and the predumiuant rdle ot 
vascular obHtruction from thrombosis and emboli, the efii:ct of 
which is to determine ischsemia, and afterwards partial cerebral 
softening. I have just enumerated, gentlemen, the anatomical 
causes of the commonest organic affections of the encephalon. 

c. If now we return to the spinal cord and medulla oblongata, 
«e have to notice a remarkable contrast with the encephalon. 
Usemorrhage from vascular rupture dependent on an alteration 
well kuotvn under the name of miliary aneurytma, sofUiuing 
secondary to arterial obstruction, whether it be due to throm- 
bosis or to embolism, are almost unknown accidents in the 
spinai cord. The medulla forms, so to speak, the transition 
between the spinal cord and the encephalon ; for, on the one 
hand, we observe there system lesions similar to those seen in 
the cord ; and, on the other band, a certain number of biemor- 
rhagea, ischsemia», and softenings, produced by vascular lesions. 
These last affections are still more marked in the pons, the 
pathology of which, in this respect, is more closely assimilated 
to that of the encephalon. Here hemorrhage from rupture of 
miliary aneurysms and softening from vascular obliteratioD ire 
common accidents. 

D, These consideratiouB, gentlemen, tend to show that the 
explanation of the commonest anatomical localisatiotu in the 
encephalou is to be sought for especially in the mode of distri- 
butioQ of the vessels. For, the vessel primarily affected 
being known, we may hence infer, as M. Lepiue haa justly 
remarked, the configuration and limits of the involved area. 
We irv, therefore, compelled to return once more to the 
domain of normal anatomy in order to acquire some general 
views relative to the vaacularisation of the encephalon. This 
subject, gentlemen, I do not hesitate to say, is well worthy oi 
your attention, the more so because all the questions bearing 
upon it have been carefully submitted to fresh investigations, 
from which our owu country has by no means remained aloof. 
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11. 

For the moment it will suffice to consider the arterial syntem, 
although lesions of the venous system may also have a marked 
influence over the development of encephalic alterations. Our 
immediate aim is to show^ by a few examples, how far a 
thorough acquaintance with the normal conditions of the 
cerebral circulation is essential to the good understanding of a 
considerable number of the anatomical lesions, of which this 
part of the nervous centres may be the seat. You remember 
how the large arterial trunks, the two internal carotids and the 
two vertebrals, contribute to the formation of the arterial circu- 
lation at the base of the encephalon.^ 

The internal carotids^ at their exit from the cavernous 
sinuses, are directed perpendicularly to the base of the brain, 
and divide immediately into two branches : the one, which is 
anterior, is the anterior cerebral; the other, which is inclined 
laterally, bears the name of Sylvian or middle cerebral artery 
(fig. 8, s). A transverse anastomotic branch {anterior commaf- 
ntcating) unites the two anterior cerebrals near their origin, 
and connects together in a more or less complete manner the 
circulation of the internal carotids. This vascular arrange- 
ment constitutes a special system which we may term the 
anterior or carotid system. 

The vertebrals (v, v), directed obliquely from behind forwards, 
converge towards the middle line and unite in a single trunk, 
the basilar (b), which divides near the anterior border of the 

' We know that cerebral softenings and hssmorrhages are muoh mora 
freqnent on the left than on the right side. M. Buret, in his memoir, 
believes he has discovered the explanation of this fact in the anatomical 
arrangement which the common carotid and the vertebral of the left side 
present at their origin. The right carotid springs from the innominate 
trunk, which is inclined towards the arch of the aorta, whereas the Irfl 
carotid ascends nearly perpendicularly and its axis is directly continaons with 
that of the vertical or ascending portion of the aorta. It therefore follows 
that a clot thrown into the aorta by a contraction of the heart, enten the 
left carotid in a direct manner. The right vertebral springs from the 
subclavian after it has described its curve and when it is horizontal ; the 
left vertebral, on the contrary, takes origin from the summit of the curye of 
the subclavian. 
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pom ioto two branches called the poslerior cerebrals (c r). In 
this maoner there is constituted a second arterial B^stem, the 
posterior or vertebral tyttem. 




Fia. 8, — ni»gmn of the KrUrial cirruUtion tt the 1 
thfl mcephftlon. c, c, int«rad cftrotida ; r, A, Ulterior cerebral ; 
•i t, Sjlrian urteriM ; v, v, vetttbrali i B, Wilu ; c P, CF, posterior 
MrebnU; t, >. 3, 3, 4. 4, gronpt of nutrisnt irtwiea. Tbe dotted 
lina ibowi the limit< at the ^iglioaic circle. 



The carotid and vertebral Bjstems, which are united by two 
anastomotic branches, very variable tu size and arrangement 
{posterior communicaftny]/ form at the base of the encepbalon 

' H. Duret hw »l1t<U attention to the Ervqnent varUtioni Uiil uonmltea 
of tha circlr of Willi* ud Ila coiomniiickting branches. The latter are frc. 
qoentlj filiform, and qtiit« iiurafficient to re-establish the circulation in cane 
of artvrial oblitnmtion. Certain nnomalioii ciplain, also, comb tn which 
tafl«aing of one entire hemis;ib<>re has occurred in ooiueqaenoe of a clot 
pbrtnictipg tb« i&toraal tarotid near it* bifaroation. 
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a va8€ular circle^ nsually described by anatomistB nnder the 
name of hexagon or polygon of WilUi.^ 

At the anterior angles of this polygon, the two anterior cere- 
brals are seen ; the two Sylvians^ which are directed outwaidi, 
spring from the antero-Iateral angles ; and lastly^ the posterior 
angles are formed by the posterior cerebrals. 

From the circle of Willis and from the first two centimitni 
of these various arterial trunks spring the nutrient arteries of 
the central ganglia, the corpora striata and optic thalamL 

These nutrient vessels form six principal groups : 

The first, antero-median group (i), has its origin in the 
anterior communicating and commencement of the anterior 
cerebrals. The arterioles composing it supply the anterior part 
of the head of the caudate nucleus. 

The second, pottero-median group (2), comes from the 
posterior half of the posterior communicating and from the 
origin of the posterior cerebrals. It supplies the internal sur- 
faces of the optic thalami and the walls of the third ventricle. 

The third and fourth, right and left antero-laieral grompi 
(3> 3X which are made up of a much larger number of arterioles 
springing from the Sylvian, form the vascular supply of the 
corpora striata and anterior part of the optic thalamus. 

The fifth and mi\i,po8terO'lateral groups (4,4), are famished 
by the posterior cerebrals after they have turned round the 
crura cerebri ; they supply a large part of the optic thalamL 

A circular line drawn at a distance of two centimetres from 
the circle of Willis, and completely surrounding it^ would limit 
the region of origin of the ganglionic arteries. A gangUomc 
circle is thus described, within which the circle of Willis is 
included (see Fig. 8). 

The cortical regions or, in other words, the cerebral convo- 
lutions, are nourished by the large arteries which, as we have 
seen, form the angles and sides of the polygon of Willis. Tbs 
anterior cerebral turns round the corpus callosum; it ia 



tributed over part of the inferior surface of the anterior j|^ 
frontal lobe {gyrus rectus and supra-orbital conroAf/imt). iIHB 
over a considerable portion of the internal surface of the 

> In English toxt*books this rasciilar arrangezDent if always 1 
cirtU d WiUit.— (IVoiw^ilor.) 
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■phere. [Mrtt and second frontal eonvotuiiont ; pr«central 

lobule; lobui quadraltu or prtecwteut.) 

The posterior cerebral, which Bpriaga from the basilar, tarns 

round the corresponding cms cerebri and dirides into three 

branches, which go to the lower surface of the brain and to the 

occipital lobe (gynu uncinatvt ; hippoeaa^al convolution ; 

tecond, third, and fourth temporal convolution* ; cuneut ; laigual 

lobule). 

The Sylvian artery is distributed to that part of the frontal 
lobe which is not supplied by the anterior cerebral, and to all 
the parietal lobe. At a later stage, it will be necessary for us 
to consider in detail the distribution of each of these four 
branches, and to describe exactly their rasculor arese. 

Such is the general distribution of the arteries proceeding to 
the internal, external, and inferior surfaces of the cerebrum. In 
order to ascertain how the internal distribution of these 
vascular are» is effected, we must have recourse to sections. 

Thas, on viewing a section made in the domain of the Sylvian 
artery, the circulation of the grey Duciei appean to be blended 
with that of the cortex and subjacent white nuclei. This, 
however, is an error which we shall explain in the next lecture. 




LECTURES V and VI. 

ARTERIAL CIRCULATION OF THE CEREBBUM. 

SuMifART. — Work9 of Buret and Heubner. Principal arteria (f 

the cerebrum. Cortical arterial system; nuirieni vessd^ 

Central arterial or central ganglionic system. 
Branches of the Sylvian artery ; arteries of tie eeniral grq 

nuclei ; cortical ramifications and arborisations j ike nuiriesi 

arteries of the cerebral pulp are {a) long or medullary, mid 

(4) short or cortical. 
Effects of obstruction of these various arteries. Superficial nmal' 

lissement, yellow softening. Opinions of Heubner and cfBwtd 

on the communication between the vascular area. OoJtnieiaifi 

terminal arteries. 
Relative autonomy of the vascular area of the cerebrum. 
Localisation of cortical lesions. 
Branches of the Sylvian : external and inferior frontal ; arierisi 

of the ascending frontal and parietal convolutions ; arimf 

of the gyrus angularis. 
Anterior and posterior cerebrals and their branches. 

Gentlemen^ — ^I propose to-day to resume and inyestigate 
more thoroughly the subject which I merely roughly sketched 
at our last meeting. If I succeeded in proving that tiie arterial 
system governs^ so to speak, the situation in the domain of 
cerebral pathology^ I ought at the same time to have convinced 
you of the necessity for preliminary investigations with regard 
to the relations which exists under physiological conditionSy 
between this system and the various component [parts of the 
cerebrum. 

How^ indeed, are we to understand the causation of the 
localisation of those foci of hsemorrhage or softening, which 
constitute one of the principal features in the pathological 
anatomy of the cerebrum^ if we are not perfectly acquainted 
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with the mode of diatributioo of the arterial veueU, degenera- 
tioD of which is the startiDg-poiut and primary condition of 
these various lesioos ? 

The present question, moreover, cannot be solved by the mere 
oontemplation of facts in normal anatomy. 

As I have already pointed out and shall, I think, ahoir 
•till more satisfactorily to-day, the application ia immediate and 
auigencrit. 

I am the more willing to linger on this point in the anatomy 
of the cerebral circulation, because, in the most justly esteemed 
works, you will only 6nd on this subject information which is 
vBgue and quite inadequate for the purpose of our studies. 

All our precise knowledge on this matter is of recent date 
and is the result of investigations which have been called forth 
by the requirements of pathological anatomy and physiology. 

I shall borrow largely from the important work of our com- 
patriot M. Duret, a work which was based on researches made 
in the laboratory of La Salpcftriere. 

I must not, however, leave you ignorant of the fact that M. 
Duret eucouotered a rival in the path in which he entered. 
This rival, Dr. Heubuer, is a German physician, and a professor 
at the University of Leipzig. Both these authors who pursued 
their researches simultaneously, but unwittingly, arrived, at 
least in esseutiol point, at identical results. 

Assuredly that is a guarantee fur the accuracy of the descrip- 
tions they have lately given us. 

But, in a recent work which treats of syphilitic degeneration 
of the cerebral arteries,' Heubner puts forward the claim of 
having been the initiator. This is an iusupportable pretension. 
M. Duret'a first researches relative to the circulation in the 
medulla oblongata and pons were communicated to the Soci^te 
de Biologic at the meeting of December 7tb, 1H71. By a 
remarkable coiucidence, that same day (December 7th) a sum- 
mary of Dr. Ileubuer's investigations ou the cerebral circula- 
tion was published at Berlin in the ' Centralblatt.' A month 
afterwards, in January, 1873, M. Duret published an acconut 
in the ' Progres Medical ' * concerning that part of his 
irchcs which has reference to the cerebral circulation. 






Inetixrhc Erkmnkuni; der Hinurterirn,' p. iSS. Leipzig, 1874. 
lusrj iSth sail J5tb, Felnisry lit, Noveiubvr Stli sud 15th, 1873, 
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M. Duret's investigatioiiB are not then two yean later ihu 
those of Heabner^ as the latter insinuates^ but are abaolntdj 
contemporaneous. Of this fact Professor Heabner might baic 
easily convinced himself, since he was acquainted with H. 
Buret's last memoir, published in the ' Archives de Phjtiologie' 
(1874), in which the history of this question is deacribedh 
•detail.^ 

In opposition to that mania for annexation, I thought it of 
importance to introduce this chronological account, in order to 
thoroughly establish the large share which belongs to our fellor- 
countryman. 



I. 



But I must return to the special object of our studies. Yos 
know how the three trunks, which arise from the circle of 
Willis, enter into the formation of the arterial circulation d 
each cerebral hemisphere. These vessels are : (i) the anterior 
cerebral ; (2) the middle cerebral or Sylvian (both being 
branches of the internal carotid) ; (3) the posterior cerebnl, 
which arises from the point where the two vertebrals oonyergeto 
form the trunk of the basilar. 

A. Each of these arteries presides over a special region in ead 
hemisphere. I have already described to you, very briefly it ii 
true, the general topography and limits of these large vascolii 
arese. These arese must be examined not only on the sur&oe 
of the hemispheres, but also, by means of sections, in the 
interior of the cerebrum. First of all, we have to fix our atten- 
tion on the surface of the brain, including the external, superior, 
internal, and inferior aspects; and, in the second place, on 
frontal sections, which will show the pre-eminent importance of 
the Sylvian area. 

We shall see presently that these territories or provinces maj 
be divided into a certain number of secondary departments, 

* M. Duret's researches exhibit considerable pathological interest, for thej 
were especially made with the object of seeking an explanation for the 
appearance of lesions discovered post-mortem. With the assistance of more 
than two hundred observations, entrusted to him by M. Chaieot^ he WM 
enabled to make a classification of cerebral heemorrhages and softeningi ram 
4in anatomical point of view. 
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the dUtributioD of as mauj secoudary arteries 

laffingiDgTrom the principal trunks, 

B. We must dvrell no loDger'ou this prclimtuary survey, but 
enter &t oqcc into detail. Each of the three principal arteries 
gives ori^n to two very different systems of secondary vessels. 
The first of these may be called the cortical arterial system. 
The vessels composing it ramify in the substance of the pia 
mater aud there divide according to a special plan, before 
furnishing the small vessels which enter the cerebral pulp, aud 
which are, strictly speaking, the autrienl vessels of the cortex 
and subjacent medullary matter. 

The secoud is termed the central arterial or cenirai ganglionic 
system. The vessels entering into its formation arise from each 
of the three main arteries, close to their origin, and at once 
pass downwanls, &s arterioles, into the substance of the gangli- 
ouic masses. These two systems, although havi^ a common 
origin, are perfeclly independent one of the other, and communi- 
cate at no point at the periphery of their domain. 

c. We have to consider these two systems in each of the large 
vascular area and, in the course of our investigations, we shall 
have to notice features, some of which are common and some 
special. In the first place, we shall examine the Sylvian, which 
is the most imjtortaut atid the most complicated of the three 
cerebral arteries. The description of the two others will theii 
be ibuad much more simple. 



II. 

The Sylvian artery penetrates the fiBsure of Sylvius, the edges 
of which must be separated iu order to thoroughly expose the 
vessel. But it has already furnished from its upper bordcr.in a 
region called the anterior perforated spare, a. series of parallel 
arteries which penetrate into each of the urilices in this perfo- 
rated space, which is formed by the white substauce. These are 
the arteries of the central grey nuclei or, more particularly, the 
arteries of the corpus striatum. Excluding for the moment the 
system of the grey nuclei, we shall consider only the cortical 
■yatem. 

On the floor of the fissure of Sylvius, tlie UUnd of Reil is 

i 
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seen, on a level with which the Sylvian artery diridea into four 
branches, each deserving a special name. 

These branches follow the sulci separating the convolntioDf 
of the islaod, to which they supply Teasels. Subsequently, thcr 
make a bend from within outwards and ascend to the Bor&tt 
of the hemisphere, where they are distributed, as we said jut 
now, to certain of the fundamental couTolutioQS, forming to 
many small secondary areae corresponding to each of then 
CODTOlutiODS (Fig. 9). 




1^0. 9. — l>Utnbuticin of the Sylvian arterj. (Seml-diagrsmmaUc 
view). S, trunk df tho Sylvian entering the fiwure of Sylvin*, 
with ita branches radiating between thp convolutiong of the island 
ofj Reil ; P, i>erForatinK brancheg proceeding to the centtaJ gnj 
nuclei; 1, artery (if Broca'a convolution or eitemal and inferior 
frontal; 3, uioendiDg frontal arterj- ; 3, ascending parietal arteij ; 
4 and 5, paricto-Bphenoidal and gphenoiJalarteries. F;, F, P,, fint. 
Mcond and third frontal conrolutionB ; Fi, ascending frontal 
convolution ; Fa, ascending parietal convolution ; LPs, superior 
parietal lobule ; LPa, inferior parietal lobule ; Pc, gynuangularis- 
Lo, occipital lobe. 

/ We shall dwell no longer at present on this description, but 
proceed to examine more thoroughly the method, according to 
which, the cortical arteries divide and ramify in the sabatance 
of the pia mater before entering the cerebral pnlp. I mnit 
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uk 70U to notice that the branches springing from the Sylvian 
immediately divide into Tesaels of the third order, to the 
number of two or three for each secondary trunk. These 
tertiary ramifications constitute a kind of vascular framework, 
on which is grafted the system of arborisatioat. This is a 
peculiar and very original system of small vessels, proceeding 
not only from the extremities of the ramifications, but also from 
their trunks. Contrary to the assertions of most authors, M 




Via 10. — 1, priac1t«l arterj ; b, primary uboriutioni c, c, 
MN.'un<Iai7 arburisationi. I, i, I, medallarj arteries ; 1, 3, cortical 
arteriet ; 3, network of cortical arteries in tbe cerebral pnlp. 

This figure is copied from it. Duret'e publication in tbe 
■ ArcbiTM lie phyeioli^e,' 1874, p. 311. 

Duret affirms that these arborisations do not anastomose, 
although the ramifications sometimes communicate with those 
of adjacent areaj (Fig. 10). 

The ramifications and arborisations are situated in the plane 
of llic pia mater. Towards the internal surface of this mem- 
bruuc they give origin to the nulrietU arteriet which penetrate 
the encephalic pulp perpendicularly. All these nutrient 
vessels, according to M. Robin's nomenclature, mast already 
be looked upon as capillaries. This characteristic distinguishea 
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tbem from the vessels of the central ganglia, which siiik down 
into the white substance at the base of the brain (anteiiflf 
perforated space), whilst they still have the dimensionB tad 
structure of arteries. We must pass on to consider watt 
closely, by means of sections adapted to microsoopical exami- 
nation, the peculiarities of these nutrient arteries. In aectioni 
of an entire convolution made perpendicularly to the surfaoe^ 
we notice first of all, at the periphery, the grey matter w\aA 
appears under the form of a festoon^ having a thickness of two 
or three millimetres ; and internally the medullary suhstanoe, 
which is composed of radiating and commissural fibres con- 
necting one convolution to its neighbour. What is the arrmnge- 
ment of the arteries in such sections ? Two kinds of nutrient 
vessels are at once distinguishable, as indeed several authon^ 
and in particular Todd and Bowman, long ago observed. Of 
these arteries some are long, others short. 

1. The lonffy or, as they are otherwise called^ the meduUarf 
artcnes, spring from the ramifications, or may even form the 
termination of the arborisations. On a section of a convolutioii 
twelve or fifteen of them may be seen : three or four on the free 
surface ; the others distributed over the two sides or in the 
separating sulcus. The arteries on the summit are verticali 
one of them occupying, as a rule, the median part of the con- 
volution. The arteries on the sloping sides are oblique; those 
situated on the floor of the sulci are, once more^ vertical 
These arteries penetrate the centrum ovale to a depth of three 
or four centimetres, and continue their progress without inter 
communicating otherwise than by fine capillaries, and thai 
constitute so many small independent systems. Finally^ ve 
must remark that at their termination they approach the 
extremity of the central arterial system, but no communicatum 
between the two systems takes place. As a result of this 
arrangement there is on the confines of the two domains a kind 
of neutral zone, where nutrition proceeds less actively. This 
neutral ground is the very frequent seat of certain lacunar 
softenings in old people. 

2. The short or cortical nutrient arteries have the 
origin as the long ; but they are more slender and shorter, 
though their course had been interrupted. Some proceed at 
far as the medullary limit of the cortex ; others extend less fiv 



NUTEIBNT AETEBIES. 



53 



and terminate ia tlie aubBtanoe of the cortex. These short 
arteries give origio to capillary vessels which, in conjimctioD 
with those eraanatiag from the long, form the meshes of a 
network. 

Id the convolutions this network possesses the following 
ofaaracters (Fig. 1 1) :— (i) The drat layer (a) has a thickness 




^Fm. Ill — I, t,meda1l»r7art«riMi t', group of inedullaiT arteries 
in thr miUiu between tnoBcljoccstoonTolutioiUi l", »rtpri«t*ittuted 
uuon)( Gratiolet's conuuiiwiinkl 6hrt» ; 3, i, 1, oortical artcriM. 

a, rapillBrj Detwork with titiiiy wide mMhci, litualod beneath 
the piB mntii ; b, netiTnTk with more onmpMt, polygonitl meahes, 
■itufcted iu the corUii ; f, ttMuitional netwurk with wider meshe* ; 
d, opillKT]' network in Uie white Qialt«r. 



of half a millimetre, and contains but few vessels; (1) the 
second layer (6) correai>onds to the two zoneii of acrve-cells ; its 
vascular network is very compact, and is made up of extremely 
6ne polygonal meshes ; (3] towards the limit of the layer (e) 
the meshes become larger; (4) lastly, in the medullary matter 
^d) the mcsbca are still wider and lengthened out vertically. 
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It follows from the preceding account that^ as regards the 
arterial distribution, the cortex and sabjacent white matter ait 
liable to be afifected together, seeing that their Tessels in both 
cases are derived from the arteries which course through the 
pia mater. 

If these latter become obstructed at any point the grey aod 
white matter suffer simultaneously and in corresponding parts, 
and are likely to undergo that form of mortification which ve 
call ischamic cerebral softening. The reciprocal disposition of 
the parts is such that I am in a position to lay before you the 
plan on which superficial softening takes place. You recollect 
the general distribution of the nutrient vessels which converge 
towards the central parts. The cortex and underlying white 
matter may be divided into a certain number of toedge^shapei 
vascular departments, the base of which is turned towards the 
encepbalon, and the truncated apex towards the central parts. 
This, indeed, is the form assumed by most of the so-called 
superficial softenings. It at once suggests the appearance of 
splenic and renal infarcts. 

If the softening be old, that is to say if it dates from a 
period of several weeks previously, the grey matter appean 
depressed in consequence of the destruction which its elements 
have undergone, and of the concomitant falling in of the sub- 
j acent white matter. 

The superficial part of the focal lesion forms a patch of what 
is called yellow softening [plaque jaune). The yellow staining 
is confined to the grey matter, the softened subjacent white 
substance being merely whitish or sometimes slightly tinged 
with yellow. 

A. We have supposed in this case that obliteration of a 
branch of the second or third order has taken place. Obstruc- 
tion of the trunk of the Sylvian itself might have the effect of 
causing necrosis of the entire cortex and subjacent white 
stratum. 

The central parts would be quite unaffected if the obstruc- 
tion were situated above the origin of the arteries of the corpus 
striatum. 

B. You must not think, gentlemen, that all obstructions of 
this kind would necessarily and inevitably produce effects so 
disastrous. There are instances^ rare it is true, in which 
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obstruction inyolving either a branch of the Sylvian artery or 
the trunk of this vessel — I take here the Sylvian as an 
example^ but what I am about to say might apply equally as 
well to the anterior or posterior cerebral — there are, I repeat, 
cases in which such an occurrence may even remain without 
appreciable result or give rise only to transitory effects. If 
this be true, gentlemen, it is referable to the fact that the 
three large vascular arese, into which the cerebral cortex is 
divided, are not, strictly speaking, isolated and autonomous. 
They may, and in fact do, communicate in the ordinary 
manner. But, are these communications free and constant, or, 
on the contrary, are they accidental, indirect, and often 
impracticable paths ? 

On the solution of this problem writers are not yet agreed. 

Heubner maintains that the communications in question are 
very free, and that they take place through the medium of 
vessels which are not less than a millimetre in diameter. He 
bases this assertion upon the results of injections, which have 
constantly shown him that the material propelled into any one 
of the departments, either through the principal trunk or 
through the ramifications, always penetrates rapidly into the 
other arese. 

He appeals also to pathological cases in which obstruction 
of one of the vessels of the cortical system, or of its branches, has 
not revealed itself during life by any evident symptom, and in 
which, death having supervened, the cerebral pulp has not 
presented at the autopsy, in the parts corresponding to the 
obstruction, any trace of softening. 

In the first place, as far as the pathological facts cited by 
Dr. Heubner are concerned, we must confess that they 
undoubtedly exist. Nevertheless, judging from the very 
numerous observations which I have been able to collect, they 
are extremely rare. 

On the other hand, it is certain that, in the domain of 
normal anatomy, things are far, very far, from being always 
such as Heubner has seen them. M. Duret's observations on 
this subject have been frequently repeated, and the result has 
almost always been the same. 

The following is a brief account of one of his experiments : 

A ligature is placed on each of the three principal arteries 
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at tW base of the encephalon on both aides, immediately 
beyond their origin in the circle of Willis. An injection it 
then driven into the Sylvian artery. . This at once fills the 
Sylvian area^ and^ in most cases^ exceeds its limits. The 
material injected invades the adjacent parts^ penetrating them 
by degrees. This invasion proceeds from the periphery towards 
the centre of the regions encroached upon. It is eflfocted 
through the medium of vessels of small calibre^ which belong 
to the system of ramifications^ and consequently have a diameter 
of only a fourth or fifth of a millimetre, contrary to the opioioa 
of Heubner, who maintains that, under such circumstances, the 
arterioles have a diameter of one millimetre. The number of 
anastomoses between one area and another is, moreover, veij 
variable. There are cases in which we can inject separatdy 
one of the three large arese, the anastomoses being insuflSicient 
to allow the injection to penetrate the adjacent parts. The 
communication which takes place in the peripheral zone of a 
vascular area explains why obstruction of a main trunk is often 
followed by softening confined to the central region, the peri- 
pheral parts remaining unafiected. 

Such are M. Duret's conclusions. In my opinion, they are 
more in harmony with pathological facts than ProfesscMr 
Heubner's. I must add that Cohnheim, who has also made 
some experiments on partial injections of the cerebral arteriee^ 
has arrived at conclusions similar to those of M. Duret. He 
remarks that if the arteries of the encephalon are not absolutely 
final or terminal — we shall explain what Cohnheim means by 
this expression — they approach that type very closely. Under 
the appropriate name of terminal or final arteries (Endarterien), 
Cohnheim^ aptly describes those arteries or arterioles which, in 
their course, from their origin to the capillaries, neither supply 
nor receive any anastomotic branch. Au example of temiiiial 
arteries, convenient for investigation, is furnished by the tongue 
of the frog which is transparent, and on which it is easy to 
follow, de visu, all the efi*ects of obstruction under the micro- 
scope. You see on these diagrammatic drawings the various 
consequences of obliteration of a terminal artery. These 
results are of inevitable occurrence. 

If, on the contrary, we take the case of an artery with anas- 
1 « UnterBUchnDgen iiber die emboliscben Processe." Berlin, 1873. 
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tomoBes, the blood-current is, aa a rule, readily re-CBtablUhed 
bj means of com municat ions below the affected point. But the 
Utter may be obstructed in their turn, and the consequence is 
that a vessel which, under normal conditions, is not a terminal 
artery, becomes so accideutallj'. 

The encephalic circulation furnishes a large number of 
examples of terminal arteries. Thus, without including the 
ramifications which exist in the pia mater, we may mention 
tlie nutrient arteries. Moreover, we shall «ee that the arterial 
system of the central ganglia is constituted strictly uu this 

The same type is found in all other circulatory systems in 
which occur, cither pathologicHlly or esperimeutall;, those 
lesions consequent on vascular obstruction, which are generally 
termed infarcts. Such are the spleen, kidney, lung and retiua- 
The riscera, as Professor Cohnheim has remarked, in which, as 
a rnle, infarcts do not occur, do not exhibit this mode of 
arterial distribution. 

I must conclude this digression which, in my opinion, has 
not been inopportune, and return to the relative autonomy of 
the vascular areie of the cerebrum. But this autonomy does 
not belong exclusively to the large are^; it is fouud also in the 
secondary departments into which the former are divided and 
which correspond to the arterial ramificotiouB of the secoud 
or third order. Between these secondary regions, us in the caae 
of the large areee, communications mav be possible, but are 
frequently very difficult. As a result of this arrangement, 
obstruction of one of these secondary branches may have and 
often has, the effect of causing necrosis of a very limited region 
of the cortex. This is apoint of capital importance in the study 
of cerebral localisation. 

It may happen that llie lesion, thus circumscribed, corre- 
sponds precisely to one of the convolutions or to a group of 
convolutions, endowed with special properties, and so manifests 
its pretence during life by special phenomena. 

This limited localisation of cortical lesions, consequent on 
the obliteration of arterial branches of the second or third 
order, is especially interesting to stndy, as you will readily 
understand, in the domain of the Sylvian. 

It is, indeed, in this large region, that experiment has placed 
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the well known motor centres^ and it is here too that cliniol 
investigation^ with the assistance of pathological anatomy^ bu 
localised the seat of the facnity of articulate language. Con- 
sequently^ we must have a thorough knowledge of each of the 
principal arteries emanating from the Sylvian, and examine 
more closely their mode of distribution in the primary conTO- 
lutions of the region. The Sylvian artery divides into foor 
principal branches^ or at least gives origin to four principal 
branches^ the distribution of which has been carefully studied 
by Duret and Heubner (see Figs. 9 and 12). 

The first is described by M. Duret under the name of external 
and inferior frontal. This is, properly speakings the artery of 
the third frontal convolution (Broca's convolution}. For mj 
own part^ I have several times seen obstruction of this arterial 
trunk alone cause softening strictly limited to the region of the 
third convolution and, more precisely, to its posterior part. 

In support of this, the following is a conclusive case. It 
relates to a woman, named Farn — , who was under observation 
in my wards at La SalpStriere. She had been seized with 
aphasia, but there existed no trace of paralysis either of moTe- 
ment or of sensibility. In this case the aphasia was the sole 
symptom, and atrophy of the third frontal convolution was also 
the only corresponding lesion revealed by the autopsy (Figs. 
13 and 14). This, gentlemen, is incontestably a beautiful 
example of cerebral localisation.^ 

The second branch of the Sylvian is the anterior parietal 
artery of Duret ; I should prefer to call it the artery of the 
ascending frontal convolution (Fig. 9, 2, and Fig. 12, 11). 

The third is the posterior parietal artery y which in my opinion 
would be better named the artery of the ascending parietal 
convolution (Fig. 9, 3, and Fig. 12, iii). 

The fourth branch goes to the gyrus angularis and to the 
first sphenoidal convolution (Fig. 9, 4, 5, and Fig. 1 2, iv). 

The two convolutions to which the second and third branches 
of the Sylvian proceed, according to Ferrier's experiments on 
the monkey, are the seat of the motor centres for the extremi- 
ties. From the arterial distribution, you see that these two 
convolutions may be affected separately. I am not aware 

^ We pnblished a full description of this patient in numbera ao and ax of 
the ' Frogr^ Mddical ' (1874). 
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— Taacnlar ame of the apper inrbce of the eerebmin. 
p, frontal lobe ; p, p&rietal lobe ; o, occipital lobe ; i, end of the 
horizontal mntu of the fissure of SjWioB ; c,, ceotisl ■olcui (fiMare 
of Rolando) ; 1, anterior central (aaceoding frontal) convolution ; 
B, pceterior central {ascending parietal) convolution ; 7,, p^ t^ 
inperi or, middle and inferior frontal convolniiona ; /,,/^ Bnperior 
and inferior frontal Eulci ; /j, vertical or tranaverae mintal fisaure 
(nilcua prstcentrslie] ; P,, inperior tempaial lobnle ; F,, inferior 
temporal lobnle or fcyrni lapia-mai^nalia ; P*^ Ky*" angularii ; 
ip, inter-parietal fisaure ; em, calloeo-marginal fiasore; po,po, 
parieto-occipital fiaanrea ; J^, anperior temporal fisaare ; Oj. nrat 
occipital convolatioD ; o, tranaverM occipital aalciu. 

Arhrut, — The line (•• ) marks the limita of the diitnbntion 

of the anterior cerebri ; the line { ) on the left side of the 

fifrore limiti the diatributiOD of the Sjlvian artery ; i, external and 
inferior frontkl artery ; n, anterior parietal artorj ; in, paat^rior 
parietal arteiT ; it, paneta-aphenoidal arteir. 

The line ( ) on the right aide of the figure limita the 

diatribntionof thepnterioroerelml. <Thia figure and Figi. i6 asd 
i^ are copied from H. Dnret'i work, whioh waa pabliibed in the 
• ArchivM de phjniJagie,' 1874). 
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wbetfaer the complete deBtniction of these tiro central convolu- 
tioDB has ever been realised ; but in the fotloKing case the 
destnictioQ affected the whole of the aaceuding parietal codto- 
lation which in the monkey is the seat, according to Ferner, of 
the motor centre for the upper extremity and, in part, for the 
lower extremity. In this iustance the convolution in question 
wa« replaced by a depressed patch of yellow soFtening. The 
ascending frontal convolution, although partially spared, was 
manifestly atrophied. Moreover, although the optic thalamus 
and corpus striatum were in this case quite unaffected— their 
integrity is mentioned in a very esplicit manner in the obser- 
Tstion — complete and permanent hemiplegia existed in the upper 
and lower limbs of the opposite side (Fig. 15). This result^ 



n 




i^.^Fk, Mccndin^ trcmtal ooDTolotiim. An exb^niivc 

CTN of rortiool aoftening bu dcwtinvMl the asMnilin); luript^ 

oonrolatioa, a large portion at tlie HMentliDg frnntal cuDvotation 

and tliB gmatar i«rt of the iibnil of Iteil. Tho centnl inaMea 

unkfTeutod. 



gentlemen, contrasts singularly with what has boen recorded in 
two other observations relative to extensive lesions occupying 
other parts of the cerebral cortex. Thus, in a case of yellow 
>oft«ning limited to the lobus quadratus, there was no sign of 
corresponding paralysis. In another instance also there was a 
patch of yellow soficning involving to a large extent the inferior 
upect of the sphenoidal lobe which, as you are aware, is sup- 
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plied by the posterior cerebral arterj. In thia case, again, u 
tbe least trace of hemiplegia existed dorlDg life. 

These examples, nhich I could easily multiply, irill be nS- 
cient, I thitik, to convince you that some day it will be pcMiUt 
in man, and very probably in a not very distant future, to vnFt 
at a decided judgment, based on incontestable eTidence, will 




FiQ. i6. — Vascular an;i£ of the internal enrfece of the oerebmm. 

C C, section of the corpus calloBum ; a/, gjraa fomicatns ; H, 
gyrus hippocampi; k, eulcus hippocampi; r, uncinate gjuu; 
cm, caltoaU'tnarginal fissure ; F,, median aspect oi the first frontal 
convolution ; c, end of sulcus centralis (fissure of Rolando) ; a, 
anterior central (ascending frontal) convolntioni b, posterior central 
(aHcending jiarictal) convolution ; F,", prtecunens {aoant-eoin, 
Vorziciekel) ; z, cuneus (coin, Ztmeket) ; r o, parieto-ocdpital 
fissure ; o, transverse occipital sulcus ; o e, ealcarine fissure ; o c", 
its superior branch ; o c", ite inferior hranch i s, gjruBdescenden*; 
T<, lateral occi pi to-temporal convolution (fusiform lobule) ; t», 
middle occipito-temporal convolution (lingual lobule). 

Arteriee. — The regions marlrcd off bj the line ( ) Tepreaent 

the area of distribution of tbe anterior cerebral arterj. i, anterior 
and internal frontal arteries ; il, middle and internal frontftl 
arteries ; ui, posterior and internal frontal arteries. The regtona 

n;arked off by the line ( ) represent the area of distribntioD 

of tbe posterior cerebral artery ; ii, posterior temporal arteiy ; 
III, occipital erterj. 
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■efisrence to the doctrine of localisation, at least >o far aa the 
mperficial parts of the cerehrum are conceraed. 
After the details ioto which I have entered on the subject of 




Fio. I J.—VwcoIm srew of the inferior tDrface of the wrelirnm, 
Fj, gjna rectus (straight gjTiu) ; f^ middle frontsl coDTtJation ; 
F,, inferior frontal convolution; /^ olfactoiy auletu; /,, orbital 
iiulcua; T^ Kcond or middle temponi conTolution; T^ third or 
inferior temporal convolution ; t,, toiddle occipilo-temporal codto- 
latioD (ling^l lobule) ; (,, inferior occipito- temporal snlcui ; (^ 
inferior tempor*] fisinre ; I,, middle temporal finure ; po, pwieto- 
occipital fisinre ; oe, calcarine fiuare ; It, gynu hippocampi ; r, 
UDcinite gjTVB; Ch, chiaamai ce, corpora albicantia; xx, crura 
cerebri ; o, knee of corpna calloanm. 

Arteriet. — The line ( ) limits the distribution of the anterior 

cerebral (inferior and internal frontal aiteriea). The line ( ) 

■hows the diatribntion of the posterior cerebral, i, anterior tem- 
poral arteiT ; II, posterior temporal arterj ; iii, ocoipital artery. 
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the Sylvian artery^ I think it advisable to g^ve bat a hnd 
account of the subdivision into secondary departments of ths 
large cortical vascular arese of the anterior and posterior cere- 
brals. 

III. 

The anterior cerebral is much less frequently the seat of 
grave alterations than the Sylvian. This peculiarity is, doubt- 
less^ partly referable to its direction in relation to the intenul 
carotid (Figs. 12^ 16^ and 17). 

This artery furnishes three principal branches : the first sup- 
plies the two inferior frontal convolutions; the second^ of 
greater importance^ is distributed less frequently than tk 
Sylvian^ but much more commonly than the posterior cerebrd, 
to the convolution of the corpus callosum (Fig. 16), to the corpoi 
callosum itself (c c), to the first frontal convolution F (inner and 
outer surfaces)^ to the paracentral lobule and, over the convex 
surface of the frontal lobe, to the first and second frontal convo- 
lutions (Fig. I j), and lastly to the upper extremity of the ascend- 
ing frontal convolution. The third branch of the anterior cere- 
bral proceeds to the lobus quadratus^ which may be affected 
independently^ an instance of which I have just given. 



IV. 

The posterior cerebral (Figs. 12, 16^ and 17) is the frequent 
seat of alterations from embolism or thrombosis. Moreover, 
ischaemic softening of the posterior lobes is much more common 
than that of the anterior lobes. The area of this vessel is 
divided into three secondary departments corresponding to three 
arteries of the second order : the first of these arteries proceeds 
to the convolution of the crochet ; the second to the lower part 
of the sphenoidal lobe^ including the inferior sphenoidal convo- 
lution and the fusiform lobule ; the third goes to the linguil 
lobule, to the cuneus, and to the occipital lobe proper. 



LECTURE VII. 

" CIRCtTLATION IN THB CENTBAL MASSES (GRST 
NUCLEI AND INTERNAL CAPSULEj. 

SuHM&ET. — Arlmal cireulattOH t» lAe cenirat ffrey nuclei. Intra- 
encfpialic Aam&rrhage. Analomo -pathological differmcei 
between tie peripheral and central partt of the cerebrum. 
Comparative rarity of cerebral hamorrhage in the peripheral 
and itt frequency in the central pari i. 

Origin of the arleriei of the central tyilem. Characlerletice of the 
terminal arterUi. Independence of the cortical and central 
arterial tyetemt. Analogy between (he arleriei of the poiu, 
medulla, and central ganglia. Their mode of origin explMut 
the predominance of arterial ruptures in Iheie parts. 7%e 
branciei forming this system arise from the anterior and posterior 
cerebrals and/rom tie Sylvian. 

Arrangement <if the grey nuclei: their form and connections. 
Description of the internal capsule : its constituent parts (direct 
and indirect peduncular Jibres ; railiating fibres), 

Gentleuen, — At our last meeting I concloded the description 
of the medical anatomj of the cortical arterial system. To-day, 
I propose to call your attentioD to the arterial circulation of 
the central grey nuclei. Under this term, as you are aware, we 
iadnde the optic thalami, the corpora striata, and what might 
be called their anncses. 

This, gentlemen, is a study which mnst engage our earnest 
attention ; for the phenomena which take place in these nuclei, 
in consequence of vascular lesions, are by no means inferior as 
regards their clinical importance to those superrening in the 
superficial parts of the hemisphere, as a result of alterations in 
the cortical arterial system. In the central regions of the 
cerebrum, which we are about to consider, we shall again 
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notice the iecbsemic changes pointed out in connection with the 
superficial parts of the cncephalon ; but, in addition, we shall 
recognise the frequent occurrence of lesions which are, on the 
contrary, but rarely seen at the periphery. I refer to ordinary 
intra-encephaiic hiemorrhage, which is one of the commonest 
anatomical causes of apoplexy. 

In this respect there is a very interesting antithesis to be 
observed between the peripheral and central parts of the cere- 
brum. In the former, intra-encephalic biemorrhage ia com- 
paratively rare, whilst in the latter it is common. This is a 
fact to which the old statistics of Andral and Durand-Fardel 
bear striking testimony, and which recent statistics only tend 
to confirm. Thus, out of 119 cases collected by Andral and 
Durand-Fardel, the primary seat of the hajraorrhage was the 
optic thalamus and corpus striatum in 103 instances, the lesion 
taking origin only seventeen times either in the centre of the 
anterior or posterior lobes or at the periphery of the encephalon. 
On the contrary, ischtemic softening of the cerebrum, as Durand- 
Pardel justly remarks, predominates in the peripheral parts. 
The observations I have made at Salp^triere fully corroborate 
these facts. We shall have to consider, presently, some of the 
conditions calculated to explain this remarkable opposition ; for 
the moment it will be sufficient to bear in mind the following 
point, vis!. that just as the attention we have bestowed on the 
cortical arterial system was a necessary introduction to the 
chapter dealing with ischemic softening of the encephalon, bo 
the details, into which we are about to enter to-day, are the 
essential preliminaries to the not less interesting subject of 
intra-encephalic hemorrhage. 



I. 



}Ie8 which 

lirpi> 1nrcn> ' 



Yon have not forgotten, gentlemen, that the arterioles 1 
constitute the central system arise from each of the three large 
arterial trunks of the cerebrum, in the immediate vicinity of 
their origin in the circle of Willis. In general, the arteries 
which form this system are, as regards their calibre, vessels of 
some importance. Indeed, according to M. Duret, the arterioles 
of the corpus striatum vary in diameter from half a millimetre 
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to a millimetre and a half. Their mode of origin reminds oua 
of those yonng shoota which we see in the forests, sproutiug 
forth at the base of the tree§. This simile, which I borrow 
from Dr. Heubuer, is, iu addition to its picturesque characteri 
fairly accurate; bat we must uot pursue it too far, for the 
arteries of the central system, at their origin, are directed 
perpendicularly to the main trunk. This perpendicular direction 
recalls to our minds what we have seen iu regard to the nutrient 
arteries of the cerebral cortex. Moreover, we must not forget 
that there is a difference between the cortical nutrient vessela 
and the arteries of the central grey nuclei ; the former, indeed, 
are properly speaking capillaries — at least, according to M. 
Robin's definition — whilst the latter, on the other hand, are 
teasels of considerable calibre. 

Another characteristic of the arteries of the central nuclei is 
that they are pre-eminently terminal arteries, in Cobnheim's 
acceptation of this term, Altliough a discussion might be 
raised, as we have seen, on the subject of thc_^autonomy of the 
cortical vascular arese, this is uot the case as regards the central 
arteries. The latter are quite independent one of another ; on 
this point authors are perfectly agreed. Accordingly, as 
Ueubner remarks, we may, by means of Pravaz's syringe, in 
which the point of the trocar is blunted, inject one by one 
each of the small vessels supplyiug the various parts of the 
corpus striatum or optic thalamus. M<v>r/7 

In spite of all possible precautions, we cau never succeed in 
I injecting the entire optic thalamus or corpus striatum, but 
tmly small departments of each of these bodies. If the injec< 
tion be driven too strongly, ruptures are produced, but the 
vascular area does not, on that account, extend beyond the 
Umita assigned to it. 

M. Duret's n umerons experiments lead t« the same conclnsion. 
It is necessary to add that, under no circumstances can the 
mjection be made to enter the domain of the cortical arteriet 
through the central vessels. I must remind you that the con- 
verse is equally true, viz. that an injection, driven into any 
artery whatever of the cortical system, does uot spread to the 
domain of the central arteries. 

It will uot [terhapa be devoid of interest to notice the analo- 
giea which exist, as regards the mode of origin of the autzia&.\ 
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arteries, between the basilar parts of the eucepbalon, the pons, 
and even the medulla ubioagata. la the case of the pons the 
resemblance is striking. The median arteries spring at a right 
angle from the voluminous stem of the basilar artery, and 
extend parallel oue to another, but without aDastomosing, to 
the posterior parts, thus exhibiting the type of terountl 
arteriee. 

In the medulla, the same arrangement exists, but it under- 
goes a special modilication. The mediau arteries of the medulla 
do not arise directly from the main trunks of the vertebrals, 
but take their origin from the spinal arteries. 

It is possible then, if I mistake not, to Gad in thia mode of 
origin and distribution of the bulbar arteries and those of the 
central ganglia, a mechanical explanation for the predominance 
of arterial ruptures iu these parts. Recollect that at the surface 
of the cerebrum, where, as I have told you, htemorrhages are 
comparatively rare, the arteries only enter the cerebral substance 
after making a long course in the pia mater and after being 
transformed into very slender vessels which, strictly speaking,, 
are capillaries ; recollect, I repeat, these peculiarities, and yoD 
will much more readily understand the differences which I am 
about to point out to you vrith respect to the central arteries. 

(i) The distance from the heart to the large basal ganglia it 
very short. The arteries supplying these ganglia arise directly 
from the arteries of the circle of Willis, that is to say, from 
arteries of the third order, proceeding from the heart. This 
circumstance evidently predisposes to arterial ruptures. It is, 
indeed, compensated to a certain extent by the mode of origin 
of the vessels, which takes place at a right angle, and also by 
the great difference in their calibre. 

(2) In comparison with the cortical arteries, the central 
vessels are voluminous; I allude especially to the arteries of 
the corpus striatum, which have a diameter of half a millimetre 
to a millimetre and a half. 

(3) I must add that the absence of anastomoses is another 
unfavorable condition, for in case of increased pressure in » 
vessel, relief is impossible ia consequence of the well-established 
absence of collateral brauchcs. The three large arterial trunka- 
of the cerebrum, as I mentioned at the outset, all take part in 
the vascular isation of the central regions, but their share i&. 
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rery unequal. The anterior cerebralj for iastance] aenda only 
a few vessels to the head of the corpus striatum, and, moreover, 
the existence of these branches is not constant. Tlie posterior 
cerebral has a much more extensive and important domain. It 
supplies the optic thalami to a large extent, the superior layers 
of the crura cerebri, and the corpora quadrigemina. But it is 
the same here as in the case of the cortical arteries, the Sylvian 
arteries incontestably play the preponderant part. 

These vessels supply all the branches proceeding to the 
caudate nucleus (with the exception of the small area vascu- 
larised by the inconatant twigs of the anterior cerebral), and to 
the various scgraeuts of the lenticular nucleus. 

Consequently, as a type of our description we shall take the 
branches of the Sylvian artery, Afterwards, it will be easy to 
complete the account of the central nutrient system by a few 
words relating to those branches of this system, which arise 
from the anterior and posterior cerebrals. 



II. 



But, before entering into a detailed description of these 
vesselSj it is absolutely necessary, gentlemen, to consider more 
closely than we have hitherto done the parts to which they are 
distributed. 

In the preceding account, we limited ourselves to naming 
these parts, a[id indicating, briefly, the most general features of 
their configuration. 

That rapid survey has now become inadequate for our 
purpose, BO we must enter into such details as may be necessary 
to acquire a more profound anatomical knowledge. The parts 
iu question — and I need not insist on this point — are extremely 
interesting from the standpoint of the theory of cerebral locali. 
satiouj they are the optic thalamus, the caudate and lenticular 
nuclei, and lastly, the internal capsule. Such are the variotu 
parts, the union of which forms what might be called the central, 
iu opposition to the cortical lysltm. 

Remember that the cms cerebri, which is rounded as it 
approaches the optic thalamus, becomes flattened after it has 
passed it from within outwards, and at the same time nideua 
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out like a fan from before backwards. Upon tbia fan, to 
continue the comparison, the nuclei of grey matter are ananged 
as follows : internally and posteriorly is the optic thalamui; 
more internally, bnt above and in front, is the caudate nudeoi; 
outside the fan, below the optic thalamus and caudate nudei% 
is situated the lenticular nucleus, which eztenda anteriorif 
nearly as far as the head of the corpus striatum^ and poateriodj 
as far, or nearly so, as the hinder extremity of the optie 
thalamus. 

I shall only make a passing allusion to the form and prindpd 
connections of the grey nuclei which I have just enumerated: 

(i) The optic thalamus has the appearance of a flattenel 
ovoid. Of its two surfaces, the upper is turned towards the 
lateral ventricle, and the lower, which is also internal, towudi 
the third ventricle. It is difficult to separate it by dissection, 
in consequence of its very numerous and intimate connectknii 
with contiguous parts. 

(2) The caudate nucleus has the form of a comma or pyramid, 
the large extremity of which is directed anteriorly and internally, 
and the tail superiorly and externally. The upper aurface fisrau 
a prominence in the ventricle ; the imaginary inner aurface 11, 
in great part, adapted to the superior extremity of the intemil 
capsule. This nucleus is very readily detached by disaection; 
in order to isolate it, it is necessary, however, to rupture the 
numerous fibres which it receives from the internal capsule. 

(3) The lenticular nucleus, although entirely concealed at iti 
periphery, may be isolated, as we shall see, from the neigli- 
bouring parts without much trouble. Its general configo- 
ration is that of an ovoid with an anterior and a posterior 
extremity. Two parts may be distinguished in its composition, 
(a) The anterior third, which is rounded and formed by t 
uniform mass of grey substance, blends at its most anterior 
extremity with the intra-ventricular nucleus of the ooipoi 
striatum; (b) the second portion, which corresponds to the 
posterior two thirds of the lenticular nucleus, is flattened from 
above downwards, so as to present an angle turned inwards 
towards the internal capsule. The internal and superior 
surface is intimately connected to the internal capsule, the 
inferior being parallel to the base of the cerebrum. The 
external surface is in relation with the external capsulCj and 
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through it with the claustrum and island of Reil. The latter 
conceals it indirectly in its whole extent. 

An interesting preparation may be made by carefully 
removing iu succession the grey matter of the convolutions of 
the island of Reil, the claustrum, and the external capsule ; ve 
then come down upon the external surface of the lenticular 
oncleuB. The separation between the external capsule and the 
outer surface of the lenticular nucleus may he effected, in 
hardened specimens, with tbe greatest facility. As a matter 
of fact, there are no medullary fibres — and you will sec that 
there are no vessels — connectiug tlic external capsule to the 
third segment of the lenticular nucleus. We may say, in 
accordance with the relations just pointed out, that the central 
grey masses (optic tlialamus, caudate and lenticular nuclei) 
are, as M. Fovillc has remarked, appended like cotyledons to 
the internal capsule which is the prolongation of the crura 
cerebri. 

Towards the TentricleSjthe optic thalamus and caudate nucleus 
■re free, the lenticular nucleus also being unattached, at least 
virtually, in the direction of the island of Reil. 

These nuclei of grey matter, therefore, form a system distinct 
from the other parts of the cerebrum, both by their connections 
and by their mode of vascularisatiou. You will readily under> 
stand the relations of the central parts by the examiuatioa of 
vertical sectionK. For the moment, I shall not insist on the 
structural details respecting the different nuclei ; to this I shall 
return when a suitable opportunity presents itself. But tt is, 
in my opinion, indispensable at the present time to enter 
somewhat into detail with regard to the constitution of the 
internal capsule. 

The internal capsule is, at least in part, the prolongation, 
not of all the crus cerebri, hut only of the foot, cruata, or 
lower layer. The tegmentum or upper layer, which is sepa- 
rated from the foot by the locus niger, enters into special 
connection with the corpora quadrigemiua and optic thalamus, 
bat takes no direct share in the formation uf the internal 
capsule. It was formerly thought that the internal capsule 
was a complete and immediate emanation from the foot of the 
corona radiata. This error was removed by Luys and Kolliker. 

Those authors, indeed, have shown that the fibres proceedlnt^ 
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from the foot are arrested in their course in order to enter tbe 
various nuclei. Nevertheless, I believe that they have gone 
too far in asserting that the internal capsule is entirely formed: 
(i) from fibres of the corona radiata ending in the ganglia; (2] 
from fibres which^ proceeding from the ganglia^ spread out into 
the corona radiata. 

Relying upon very minute anatomical observations^ Meynert, 
Henle, and Broadbent have expressed the opinion that there 
exists a third order of fibres, which are directly eontinuons, on 
the one hand, with the corona radiata, and hence with tbe 
cortex, and, on the other hand, with the foot of the cms. 

The reality of the existence of these fasciculi is based, as ve 
shall see, on a considerable number of pathological proob. I 
must mention, among others, some cases of descending degell^ 
ration observed by M. Vulpian and by myself. In the inatanoei 
to which I allude, yellow softening had destroyed a Isige 
portion of the median convolutions, without conconutant altera- 
tion of the corpus striatum, and had given rise to a descending 
degeneration which could be followed through the pons as fiir 
as the lowest regions of the spinal cord. We are indebted to 
Oudden for a series of experiments which I shall have to qaote 
at a later stage, the results of which lead to the same con- 
clusion. 

Henle^ perhaps goes too far when he writes in his work on 
the 'Nervous System^ that the internal capsule is especiall; 
composed of fibres proceeding directly from the foot. 

Still, there are numerous and important facts of a patho- 
logical and experimental nature which might be invoked in 
favour of these fibres. To this subject we shall have an oppor- 
tunity of returning. These facts have even justified us in 
asserting — the proof we shall see subsequently — that among 
these direct fibres, some (anterior) are centrifugal and in relaticm 
to the movements of the extremities, whilst others (posterior] 
are connected with the transmission of sensitive impresaioiis 
(Fig 18). 

To sum up, the internal capsule, according to modem 
researches is constituted as follows :' 

^ Henle, ' Nervenlehre,' p. a6i. 

* Hognenin, ' Allg. Patholog. der Krankh. des NerveiiByitems.' Zuzidii 
1873, p. 94» fig- 70> P- 85, fig. 63 ; p. 119, fig. 8a ; p. 127. 
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iB. — (DiBgniin after Ilngnenin) kc, caudito nacletu; OOi 

Ibalamui 1 KL, luiilLcuUr nucteuji witb iU t)itM Mgiuentoi 

^ cUuitrum; ce, uttrtuil cat^nlei ci, interDnl ca[«ulei tP, 

k of tho era* cerebri ; Ca, oomii »niiionis ; si, iiluid of Beil ; 

I p«iluncnW fibr«B proceeiliiig to the lenticular nucleuR ; fc, 

oaUr fibn* going to the cauiUte nucleus ; n, fibm of the 

nlar nncUaa pM*iti|[ to Uib iphiaaiditl lobe ; FN, fibres of tli* 

' nuclcaa ffnag to the [leripherj' ; rE, Gbna of the 

Ut< nu(l«it* going t> tb« [>«ri)>h«rj' ; TT, fibm of the optio 

u going to the iwriphor; ( id, dirMt fibro. 
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(i.) By the direct peduncular fibres which pass through tk 
capsule without being arrested in the ganglia. 

{%.) By the indirect peduncular fibres. Of these^ mmt 
proceed to the corpora striata^ which they penetrated from tk 
inferior surface ; others enter the first segments of the lenticnlar 
nuclei^ where they are very numerous^ but become less and lea 
so in the second and third segments. To this unequal distrilm- 
tion is due the difference in colour of the three segmeoti 
composing the lenticular nucleus. 

We are not concerned with the peduncular fibres proceeding 
from the foot of the corona radiata to the optic thalama^ 
since the latter does not receive from the cms cerebri tnj 
fibres except those of the tegmentum. 

In addition to the fibres proceeding from the foot of the 
crus to the central grey nuclei^ there are others^ which^ takiBg 
origin in the grey nuclei^ contribute to the formation of the 
corona radiata and direct their course towards the cortieil 
layer. 

These latter bear the name of radiating fibres (^Stabkn 
bUndel), It is necessary to distinguish : — (i) The 
fibres of the corpora striata; (2) those of the optic thalamus; 
(3) those arising from the lenticular nucleus^ which proceed 
mainly from the upper border of the second and third segmenti 
(Fig. 19). 

It follows from this account that four kinds of fibres enter 
into the composition of the corona radiata and connect the 
internal capsule to the cortex. 

These are : — (i) the radiating fibres of the optic thalamus ; (2) 
those of the corpus striatum ; (3) those of the lenticular nucleos; 
these various fibres connect the central grey nuclei to the 
cortex ; (4) the direct fibres which proceed from the foot of the 
crus to the cortex without being arrested in the central grey 
nuclei. 

In thin sections suitably hardened and examined under i 
low magnifying power, it is possible to distinguish these 
various modes of arrangement in the internal capsule itself and 
even in the foot of the corona radiata. 

This investigation^ it is true, is not free from difficulty, bnt^ 
at a somewhat higher level, all the fibres decussate in the most 
diverse directions^ either with one another or with the com- 




Pis. 19. — (After UeTneri) 1, a, 3, lentiiniUr nndon* ; b, bnsiUr 
portinn of tlie canJaU oaFlea* ; m, Ukmt of R^^il ; K, vhitv matter 
Ijing between the itlxai of Reil wid rlnwtmni ; i it, claostrum ; 
Cop. ax., eit«riuil capaQle ; Cop. in., iDtemal cbjwuIh ; C4. 
nnterior comiDiMni« ; H, optic nerve and ganglioi) ; k, comiuitiBure 
ta Ihe oentnl CKvity of the tD»m at gnv mattoT ; o, dcfl«<mdmg 
jiilW of the fortiiz ; v, grej m&tter of the third ventricle ; eoi 
and eot. intemfti and eit«rn&l pkrta of the optic thalamuB ; se, 
CMidftte nnclroa ; f,. Gbrce proeeediDg from the tkpetnm ; p^ fibres 
prooMMling from the two inner aeg^eDtB of the lenticular nnoleni ; 
ra, t^ Sehl. and z, the four layers of unnamed (nbctonee. 

miuund fibres, in Bucb a way as to give origin to an inextric- 
able network, vhicb is called the central vbite matter. 

We shall prcacutly refer in detail to the interest which is 
attached to the arrangement we haie just considered. 




LECTURES VIII and IX. 

CENTRAL ARTERIES. LESIONS LIMITED TO THS OBET 

NUCLEL 

SuMMABT. — Oriffin of tie arterial 9y9tem of He eeniral gan^Hm 
ma%%e%. Unequal ehare of the large cerebral arteriee in tit 
constitution of this eystem. Description of tke arieries to Ik 
corpus striatum : (a) internal/ {b) external {to ImMkt 
nucleus and optic thalamus). Terminal arteries. JBffeeis tf 
obstruction of the central arteries proceeding from tke SglM^ 
Softening of the corpus striatum and optic thalamus. Regiosd 
diagnosis of intra-encephalic hemorrhage* 

Lesions limited to the grey nuclei without implication ijf tk 
internal capsule. Central and cortical cerebral AemipU/iL 
Lesions of the internal capsule. Symptoms vary accardimg U 
the seat of the lesion in the internal capsule. 

Additional anatomical considerations. Direct peduncular fknt 

proceeding to the cortical substance of the occipital lobe. ISuk 

importance as regards sensibility exemplified: (i) by lesions 9f 

the posterior lenticulo-cptic region of the internal otgfssk 

{cerebral hemianesthesia) y (2) by experiment. 



I. 

Gentlemen, — You have not forgotten that the three large 
cerebral arteries take part in the formation of the arterid 
system of the central ganglionic masses , but that they participate 
injt to an unequal extent, 

(a) Thus, the predominant share belongs to the Sylirian 
artery, which supplies: (i) the greater part of the caudate 
nudeos; (2) all the lenticular nucleus ; (3) a portion of the optic 
thalamus ; (4) the whole extent of the internal capsule* 
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(b) The anterior cerebral, on the other hand, has a very 
nnasftumlng position in this system. It furnishes twigs to the 
bead of the caudate nucleus only, and even this distribution is 
not cunBtant. 

(c) As to the posterior cerebral, its sphere is more important 
and somewhat peculiar. 

This artery, the distribution of which is very extensive, 
weing that it sends branches to the choroid plexus, to the 
walls of the ventricles, Sec, supplies, aa far as the central 
masses are concerned, the following regions; — (i) the posterior 
and external part of the optic thalamus ; (i) the corpora 
quadrigemina; (j) the upper layer of the crus cerebri. 

The figures I place before yon (Pigs. 20 and 21), on vhieb 
the vascular areee are marked off by dotted lines, will enable 
you to comprehend all these details more readily. 

The description of the striate arleries,'oixly , necessitates some 
particulars. Afterwards I shall be in a position to give you 
an abstract account of the opinions, with which you must be 
conversant, relative to the central arteries arising from the 
anterior and posterior cerebrals. 

The striate arteries, which spring from the upper border of 
the Sylvian, enter the orifices of the anterior perforated space, 
where they soon disappear from view. 

But a very simple preparation enables us to follow them la 
the first part of their intra- cerebral course. I invite your 
attention to the arraDgement, which I am about to describe, 
because it is indispensable to the knowledge of important facts 
bearing on the theory of common cerebral hEemorrhage. This 
preparation consists in removing, successively, the grey matter 
of the island of Reil, the subjacent white substance, the 
claustrum, and lastly, the extcrual capsule. In this manner, 
the external surface of the leuticular nucleus is exposed iu its 
whole extent. If the preparation be made carefully, in a well- 
injected brain — and the dissection is easily performed, since the 
lenticular nucleus, at least in its frontal part, is, so to spesk, 
naturally detached from the external capsule — we can follow 
the principal striate arteries in the first port of their course. 
By means of this preparation they are seen to be arranged like 
a fan on the surface of the grey nucleus. But at a com- 
paratively short distance from tbcir origin they pass downwards 
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into the anbatance of the third segmentj where thcrf m 
concealed from view. 

We must now, genUemen, follow the farther distribatioi d 
the striate arteries by means of tranBTene sectioiis. 

The first section, made behind the cbisBioa (Fig. 20), moc^ 
shows us the caudate and lenticular nuclei, the optic tbaUas 
lying more posterior. On the cut surface we recogaiie ii 
their deeper tract, the arteries we have jost mentioned. 




Fio. 10.— {From Duret) TnuisTerae aertion ot the cerebnl hemi- 
gpherea made one centimetre behind the optic chJMina. ArtariH 
of the aorpaa striatum, ch, optic ehiaam&; B, MoUon of opdc 
tnct; L, lenticular nucleus; i, internal capaole or foot of Beil'i 
corona radiata ; c, caudate or iutra-rentncnkr nndeiu of Qw corpnt 
striatum ; e, external capsule ; t, nncleus teuiteformia or claui- 
tmm ; B, convolntions of the island of Reil ; v, T, Mction of tha 
lateral Tentricles; F, f, pillare of the fornix ; 0, gny tubstuioa of 
third ventricle continnons posteriorly with the optio thaUmm. 
Yateular are<r. — l, anterior cerebral arterj; n, Sylvian artery ; m, 
poiterior cerebral arterj. i, internal carotid artery; 3, Sylnan 
artery ; 3, anterior cerebral artery ; 4, 4, external arteries of the 
eorpn* striatum (lenticulo-striatc arteries) ; 5, 5, internal arteriet 
of the Gorpiu striatum (lenticular arteries). The opto-«tiiate 
arteries are not represented. 

Moreover, we find on the external surface of the lenticalar 
nncleoa other arterioles of smaller size, which might be termed 
mtemal. After they are detached from the trunk of the 
SThiUj they tacend nearly vertically to the first two sediments 
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of the lenticular nucleus and to the contiguous parts of the ' 
intornal capsule. Greater interest is attached to the external 
itriate arteries, which, in the first part of their course, creep 
along the outer surface of the lenticular nucleus. They may 
be divided into tiro groups, the 6rst, which is anterior, is 
oompoeed of the lenticulo-tlriale arteries ; the second is posterior, 
the arteries constituting it being the lenticulo-ojjtic. 




Fia. ai.— Tertioal mi tiwiireiw iMtioD of tbe bmin made 
behind ths eoipon olblcantia uul in frout uf the cmn cerebri, s. 
poj eomniMOTe i o, o, optic Ihalauii ; v. hUral ventricU ; r*, it« 
poJwior or »ph«ioid*l coran i r. r, int«m«l c*prale « foot of tht^ 
pedonoolar eijMmBion ; L. u lenticnlkr nucleus ; K, eilenuti 
cMMnl* i H, M, cUn*tnUD ; a, tbiid Ttntriolo ; a. comn anunonia. 

Fwewior arttt,—i, anterior ccretiTal lutvry ; It, Sj hiui utct}- ; 
m, pofbtrior oenbnd ftrtcr;. 
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One artery in the anterior group is of special importance 
from its size and from the pre-eminent part which it plays in 
intra-encephalic haemorrhage. We should in a manner be 
justified in styling it the artery of cerebral hemorrhage. 

After penetrating the third segment, it gains the substance 
of the caudate nucleus by crossing the upper part of the internal 
capsule. 

It then continues its direction from behind forwards, and 
extends as far as the most anterior part of this nucleus. 

The distribution of this striate artery, as in the case of the 
other lenticulo-striate vessels, should be examined on sections 
made in front of the one which has hitherto been employed in 
our demonstration. 

The lenticulo-optic arteries are arranged on the same plan ; 
but, after crossing the most posterior part of the intemsl 
capsule, they approach the anterior and exterior portion of the 
optic thalamus, to which they are distributed. 

I must remind you, gentlemen, that the vessels in question 
are terminal arteries, and that if injections be forced too 
strongly, there result small extravasations at different points 
in their course, thus simulating, both in situation and appear- 
ance, the hsemorrhagic foci produced under pathological 
conditions. 

We have no special remark to make respecting the trunk or 
branches of the anterior cerebral, except that the latter have 
no constant existence. They may, however, give rise to 
haemorrhages of very limited extent, but of unquestionable 
danger from the fact that the extravasation frequently bursts 
into the ventricles. 

As to the posterior cerebral, in some respects it calls for 
more careful attention. Nevertheless, I shall only consider now 
the arteries which it sends to the optic thalamus. These vessels 
are of two kinds: — (i) The internal posterior optic artery, a 
branch of the posterior cerebral near its origin from the trunk 
of the basilar, supplies the inner aspect of the optic thalamus. 
In its subsequent course, it sometimes occasions haemorrhages 
which, although of small size, are serious, because they are 
often followed by extravasation into the ventricles. (2) The 
external posterior optic artery arises from the posterior cerebral 
after it has turned round the crus cerebri, within which it 
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ascends obliquely before entering the posterior portion of the 
optic thalamus. 

Buptures uf this vessel give rise to hsemorrhagcs which 
frequently involve the substance of the crus cerebri. It is 
worthy of your careful attention, for, as we shall see at a later 
stage, lesions in its area produce a train of symptoms which 
are quite characteristic. 



U. 

I& the course of our inquiries, we have just acquired facta of 
the highest degree of interest as regards the theory of patho- 
logical cerebral localisations. These facts we are now about to 
examine more in detail, commencing with those which bear on 
the central ganglionic masses. 

A, — (a) The entire system of central arteries springing from 
the Sylvian may be obstructed in consequeuce of thrombosis or 
embolism of the principal arterial trunk. Softening then 
attacks the masa of grey nuclei in its entirety, or nearly so, the 
regions corresponding to the distribution of the anterior cerebral 
and posterior optic arteries being alone unaffected. 

This is a very compieheusive localisation, and one usually of 
extreme gravity. Clinically, it embraces, if we may so express 
oumeives, the whole pathology of the ganglionic centres. 

The symptom which corresponds to complete softening of the 
opto-ttriate bodie», as the association of the central masses is 
sometimes designated, is no other than common cerebral hemi- 
plegia, together with cerebral hemiamesthesia, 

(6J— We can, however, decompose this complex whole by 
analysis. We must not presume, indeed, that we are in a 
position at the present time to diagnose, from special symptoms, 
destruction of the optic thalamus, of the caudate or lenticulai 
nucleus, and ii /oriiori of its various segments. 

But it is possible, nevertheless, as a result of the mode of 
arterial distribution which wc have described, that there may 
supervene an anatomical localisation of such a nature as to be 
capable of revealing its presence by characteristic symptom^^ 
and admitting consequently of a reginual diagnosis. 

This condition is realised when soflening attacks the entire 
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or nearly the entire extent, either of the area supplied by the 
lenticulo-striate or of that supplied by the len tic ulo- optic 
arteries. We shall see, indeed, that the Eymptoms iu the two 
cases are different, indications of cerebral hemianjeathesia being 
present in the latter instance, but absent in the former. 

B. — What has just been said with regard to ischiemic sof^ning 
is applicable to intra-eocephalic hicmorrbage, which, as yoa are 
aware, is a frequent and predominant accident iu these re^ons. 
The striate arteries, indeed, are very liable to that special form 
of arterial sclerosis which induces miliary aneurysms. It is i 
common occurrence to extract from a recent hsemorrlugic 
lesion a striate or optic artery, the prolongations of which 
exhibit minute aneurysms.' 

Most frequently, contrary to the generally accepted opinioo, 
extravasation of blood in such a case, as M. Gendria had long 
truly recognised,' takes place in the first instance not into tbe 
substance of the corpus striatum, but outside it and, more 
precisely, in contact with the external surface of the lenticuiai 
nucleus, between this surface aud the external capsule, which 
becomes, as it were, detached. 

In this manner, flattened-out focal lesions are produced, which 
in transversa sections have the appearance of straight, linear 
lacunse, nearly vertical in direction aud parallel to the gre;^ 
nucleus of the claustrum (Fig. 22). 

When the sanguineous effusion is abundant, the hsemorrhagic 
focus increases, especially in a transverse direction, and by reason 
of the greater resistance of the crauial walls towards the islsod 
of Heil, the central masses are, so to speak, enucleated and 
poshed back en Hoc towards the ventricular cavity (Fig. 2aJ. 

The cases I have just mentioned are very common, but it 
may happen also that an extravasation 'proceeding from the 
extremities of tbe terminal arteries may take place in tbe verj 
aubstancej either of the corpora striata or of the optic thalamL 

Be that as it may, the only localisations of this kind accessible 
to clinical medicine are, in this case as well as in that of 

' Sea Plata v, in the 'Archives do [itysiologie,' 18G8. 

' A. N. Gendria, ' Traitd philosophique de m^deiiine pratique,' vol i, 
J838. See p. 443, No*. 785, 796 ; p. 465, No». 808, 809, 810, and p. 478, 
No. 830. 
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Pia. 31. — Extn-lenticttlu hmnotThagii-' 
nude behiud tlie chiaama) ; no bemiftiuMtliMia. 

«. corpiu callooom 1 B, B, lateral Teotriulet ; c, c.cBudale nnolai i 
D, lentimLl&T nucleiu ; e, E, anterior or lenticalo^triata rei-iun of 
inUntkl capaula ; r, external capsule ; p*, hmmurrbagic fociu 
deatroying tlie eitemal capsule ; a, O, claustmm ; u, h, islaaJ of 
Retl ; [, optic chiMma. 



softening, those which correBpoad to the inrasiou of the 
lenticulo- striate or Icoticulo-optic area. 

We must recollect that, so far as liiemorrhage is concerned, 
difficnlticB occur in the interpretation of BymptomH, which do 
not exist, at least to the same degree, in softening. If not 
specially informed we ihould be liable to refer srmptoms, which 
depend simply on the occurrence of proiimity, to the eSects of 
destruction of a part. I allude to the compression, however 
■light in extent it may be, which au effusion of blood in the 
early stages never fails to exert, wiihiu a certain distance, on 
surrounding parts. To this point, however, I shall return in a 
moment. 



III. 



In short, the definitely establiahod facts, which relate to the 
regioual diagnosis of the various parts enteriug into the com- 
position of the ci-utrml ganglionic mnsses of the cerebrum, may 
tw reduced to a very small number of propositions. 
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I. First of ail, with respect to lesions limited to each of the 
central grey nuclei without implication of the internal capmk, 
we are not in a positiou at the present time, as I have told you, 
to recognise them by special clinical characters, 

(a) Hence it is that during life it is impossible to distingnieh 
a lesion limited to the lenticular nucleus from one confined to 
the caudate nucleus. Lesions of the optic thalamus — although 
on this point it is necessary perhaps to speak with some reserve — 
are, as a rule, clinically confounded with those affecting the two 
parts of the corpus striatum. 

The symptoms which accompany these limited lesions of the 
central grey nuclei are those of common cerebral hemiplegia. 
This form of cerebral hemiplegia may be termed central, in 
order to distinguish it from the motor paralysis, which some- 
times results from lesion of certain superficial regions and 
which, in contradistinction, I shall call cortical cerebral hemi- 
plegia. 

{b) In the majority of cases, paralysis dependent on leBionB 
of the central grey nuclei affects motion only; neyertheleas, 
under special circumstances, which will presently claim onr 
attention, sensory disorders, manifesting their presence by the 
characteristic symptoms of cerebral hcmianseathesia, are occa- 
sionally superadded. 

(c) Hemiplegia consequent on alterations thus circumacnbed 
in the grey nuclei is, however, generally transitory, ill-defined, 
non-persistent, and hence comparatively mild. It is evident 
that in making this statement I discard all complications 
capable of seriously modifying the circumstauces of the case 
such, for example, as the extravasation of a ha^morrhagic focus, 
even of small size, into the cavity of a ventricle. In such a 
case, symptoms of grave import, viz, early contracture and 
epileptiform convulsions, would almost necessarily supervene, 
and death more or less rapid is the all but inevitable conse- 
quence of a complication of this nature. 

The comparative mildness of lesions limited to the substance 
of the grey nuclei is doubtless referable in part to the fact, 
that these nuclei are scarcely ever affected in their entirety. 
Thus, for example, the caudate nucleus — and this circumstance 
is explicable by the mode of distribution of the vessels supplying 
it — never undergoes complete destruction, at least separately. 
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that IB to say, without participation of the internal capsule or 
of the other grey nuclei. 

On the other hand, the transitory nature of the paralysis 
resulting from these partial lesions of the central ganglionic 
masses may indicate, as we shall see, a kind of functional suV 
Btitution which, in case of necessity, may become established 
either between the various parts of the caudate nucleus, or 
between the caudate nucleus and the different segments of the 
lenticular nucleus. 

3. Lesions of the internal capsule, on the contrary, when 
absolutely limited to this white tract, and in no way involving 
the substance of the grey nuclei, these lesions, I repeat, usually 
give rise to common cerebral hemiplegia in s well-marked and 
more or less persisteut form. 

Hence these lesions, even when of very inconsiderable sise, 
and especially if situated very low down towards the cms 
cerebri, occasion motor paralysis, almost necessarily accom- 
panied by slow contracture, which is a symptom of grave im- 
port, because it usually indicates that the paralysis will resist all 
therapeutic means. 

3. This is a convenient opportunity, moreover, to point out 
in important distinction. As indeed we have already observed, 
symptoms present remarkable variations according to the situa- 
tion occupied by the lesion in the internal capsule. If it 
involves any part of the anterior two third* of the capiule, 
that region of this white tract, which separates the anterior extre- 
mity of the lenticular nucleus from the head of the caudate 
nucleus, and which appertains, as you are aware, to the domain 
of the lenticulo-striate artery, there will be motor paralysis 
only ; no permanent disturbance of sensation will he associated 
with it. 

If, on the contrary, the lesion invades the domain of the 
lenticnlo-optic arteries and involves the posterior third of the 
ifUemal capsule, the part which passes between the posterior 
extremity of the lenticular nucleus and the optic thalamus, 
cerebral hemiaitittthesia will ^inevitably occur. Klost frequently 
the lesion being situated, as it were, on mixed ground, the sen- 
sory disorders arc accompitnied by more or less pronounced 
hemiplegia. But it may happen that cerebral hemianrosthesia 
it the unique symptom, at least, m regards being a permanent 
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phenomenon^ as, for example, in the case where the moit 
distant and posterior parts of the internal oapeule are shoe 
affected in a definite manner (Fig. %3)t In the preoediBg 




Fig. 33. — ^Eztra-lenticnlar hflBmorrliagic focns on a leTel wtQi 
the posterior part of the optic thalamus ; cerebral hemianasthen^ 
▲, corpus callosuxn and posterior pillars of the fornix ; b, b, oaTiiy 
of the lateral yentricles ; c, c, optic thalami ; D, D, lenticnlai 
nuclei ; B, B, posterior or lenticulo-optio region of the intexnal 
capsule; F, external capsule; o, o, claustrum; H, H» island of 
Reil ; i, i, comu ammonis and posterior comu of lateral ventricle ; 
/,/, extra-lenticular hsBmorrhagic focus involving the internal 
capsule ; s, s, posterior extremity of the caudate nucleus. 

account^ I have intentionally made exclusive reference to the 
lesions of the internal capsule^ which are purely destructive or, 
in other words^ to those which^ either by laceratioBj or bf 
necrosis^ occasion in this tract an irreparable loss of substance. 
It is necessary to draw a distinction between this case and that 
in which the internal capsule is involved not directly^ but only, 
as it were^ at a distance^ in consequence of the proximity of a 
lesion limited to the adjacent grey nuclei. Thus^ distension d 
one of these nuclei in a case of interstitial haemorrhage might 
have the effect of causing compression of the nerve-fibres com- 
posing the internal capsule^ and of suspending secondarily the 
functions of these fasciculi. But since, under such circnm- 
stances, the nerve-fibres of the capsule are merely compressed 
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not defttroyed, tbe paralytic phenomena resultiag from 
conipreasioQ — except, indeed, in tte case of tumour — will 
lie merely transitory. The combinatioQ to which I have just 
called your attention is frequently met with in the clinical 
history of intra-cerebral hsemorrhftf^e ; it occasions, as you per- 
ceive, rather a complex condition of affairs, and one which may 
Tender the interpretation of symptoms difficult. Hence it is 
that, if not previously informed of these ditGculties, we should 
be inclined — and the mistake has been often made — to ascribe 
lymptoms which are simply the consequence of compression 
exerted on the internal capsule by an adjacent lesion, to de- 
struction of one of the grey nuclei, optic thalami, or corpora 
striata. 

Allow me — the subject is worth the trouble — to treat this 
matter somewhat in detail. Let us take the case of a heemor- 
rhagic focus recently formed in the nsual position. ExtravasS' 
tion of blood will be found outside the lenticular nucleus in the 
imaginary space to which reference has several times already been 
made ; in addition, the third segment of the lenticular nucleus, 
otherwise called the pulamen, in most cases undergoes partial 
laceration. I have told you how, under such circumstances, 
the external wall of the lesion, which is composed of the convo- 
lutions of the island of Keil, the clanstrum, and external cap- 
sule, resists the pressure of the eitravasated blood, whilst the 
grey nuclei are displaced as a whole towards the ventricular 
cavities. It is clear that the elements of the internal capsule 
will necessBrily be more or less strongly compressed in cooae- 
quence of an alteration nf this nature [Pig. 24K 

As regards the symptoms which result, two conditions may 
present themselves. Sometimes the sanguineous eSiisioD 
remains limited to the parts of the lenticular nucleus which 1 

correspond to the half or anterior two thirds of this body, that ^^J 
is to say, to the domntn of the lenticulo striate artery. Conse- ^^^| 
qucntly the anterior part of the internal captule alone will ^^H 
undergo direct compression. The effect produced will be simply ^^^ 
motor hemiplegia of the opposite side of the body (Fig. 22). 1 

Sometimes the lesion, extending gradually from before back- 
wards, affecta the most posterior parts of the lenticular nucleus ; ' 
\ pressure being then exerted on t\ie patlerior part qf (he internal 
I ct^tule, symptoms of cerebral hemianicsthesia will be super- J 
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added to thoie of hemiplegia. The two figarea, 34 and 35. vS 
at once enable yon to recognise the predae aeat, with the nodi 
of formation and extension, of the Tarioiu fbcal len» 
dependent on hEemorrhage into the central parta (aee ilw 
Kg- 13)- 




FiQ. 34. — This Bgnre shows tbe seat, tbe mode of f omuttioD, ud 
eztnnsioii of hsmoRbagea corresponding to the Rnterior part of tb« 
intenul cftpanle (hemiplegm). Bnptuie of tlie lentiimlo-atriKU 
utery. C, caudate nnclens of the corpus strUtmn ; i, intaul 
Okpanle ; H, external capsnle ; T, cUoitnun ; I, pmnaiy fociu in Um 
Ulterior part of the external capanle (hemiple^) ; l', t", i", 
progieuive extenaion of the primary lesion (compresaioa or deitnie- 
tion of theinUmal capanle) ; 3, primary focal leeioniu tliaiiitATnal 
eapsnle (hemiple^) ; a', a", a'", progrewiTe extension of tlik 
lesion (destmction of the external capaale, displacement 01 dectrae- 
tion of tbe candate nucleus). 



Such are the facts. A word now concerning their explaaa- 
tion. When you bare recognised during life the abore-mai- 
tioned lymptoms, viz. hemiplegia with hemianrestheaia, sod 
the post-mortem existence of a lesion affecting the lenticnlar 
naclens, is it justifiable to conclude from the concurrence of 
these two orders of facts that the lenticular nacleoa oontiob 
at once the sensation and volantary motion of the oppoaite lUe 
of the body ? 
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TEis inference would be by no means permissible, for, if the 
patient survive, the effusioo becomes reabsorbed and is repre- 
sented only by an ochrcous linear cicatrix. Notwithstanding 
the destruction of part of the lenticular nucleus, the hemi- 




FlO. 15. — TbU &giin ■bomi the sekt, th« mode of formrition, and 
exteiuion of haiiicaTfaagn corroipondiog to the pcaterior part at 
tlM int«nial eapnile (hemiaiuB«the«ia). Baptare of the lenticulo- 
optio arteij. o, optio tbalamiu; I, internal cspeale ; J,, loaticular 
nncleiu; I, eitenial capaolei t, claQitmm ; c, candate naclem. 
1, piimaij focDB in tlie pcaterior part of the external capiale 
(hemiuisathesiB) ; )', t'', i'", progreMive eitenBion of the primary 
lenoa (cvmpTeaion or dertrnction of the internal capsole) ; >, 
primar; focal lenoa in the interaal captule (hemiuiiBatheaia) ; 
i*, y, a'", progressive eiteaiion of tbia leaioo (dertmctioQ of Ihe 
eit«nial eapaule, diaplacemeot ordettmcttooof the optic thalamiu). 

anicttheaia and even the motor paralysis would doubtlesa dis- 
appear, under the circumstances mentioned, without leaving any 
traces. What has just been said, gentlemen, with reference to 
the subject of haemorrhage into the lenticular nucleus, is equally 
I applicable to haemorrhage taking place in the substance of the 

gor part of the optic thalamus. These hemorrhages ori- 
in coRseqiieuce of rupture of the an tero< external or 
lo-optio orterf. 
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As a rule they manifest their presence clinically by more or 
less pronounced hemiplegia^ and nearly always^ in addition, by 
more or less complete hemianeesthesia, provided that the lemon 
attains sufficient dimensions. Must we draw the direct conclu- 
sion — as so many writers have asserted and even now repeat— 
that the optic thalamus is the seat of the sensorium comnumef 
Unquestionably not. It would be easy to quote numerous 
cases in which lesion of the posterior region of the optic thala- 
mus, caused by extravasation of blood, after producing dit* 
orders of common and special sensation in the early stages of 
the disease, that is to say, when indications of compression are 
present, ceases to be accompanied by these symptoms in the sub> 
sequent stages, or in other words when, after the reabsorption 
of the effusion, pressure on the posterior or lenticulo-optic 
region of the internal capsule no longer exists. 

It would be superfluous, I think, to dwell on this matter at 
greater length. I believe I have given sufficient prominence to 
the fact that, in the regional diagnosis relative to the various 
parts of the central masses of the cerebrum, it is the participa- 
tion or non-participation of the two regions of the internal cap- 
sule, which controls the situation. 



IV. 

The propositions I have just stated, gentlemen, exhibit a 
practical interest which none of you will overlook: But they 
have been hitherto laid before you, as it were, in the form of a 
postulate. It is now necessary to establish them by actual 
demonstration or, in other terms, to give you the proofs which 
serve as their basis in the domain of human pathology. We 
should endeavour also to discover the theory of the facts in 
question, that is to say, to investigate as far as possible their 
anatomical and physiological principles. 

To accomplish this purpose we are compelled once more to 
return to the normal anatomy of the cerebrum, in order to 
complete in certain respects the facts previously acquired. It 
shall be one of our last incursions into this domain. 

The predominant part appertaining to lesions of the two main 
departments of the internal capsule, in the pathology of the 
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central maaseci, has been fully demoDstrated to you in the pre- 
ceding account. Hence thejustification of the detailed descrip- 
tion into which we entered regarding the anatomical constitu- 
tion of this large tract. We must now proceed further, and 
inquire into the anatomical peculiarities presented by the ante- 
rior or lenticulo-striate region of the capsule, in opposition to 
the posterior or lenticulo-optic region, lesion of which alone 
determines the appearance of cerebral hemianEesthesia. We 
■hall begin with this last point. 

A. Recent anatomical researches, conducted by Meynert, have 
furnished some important facts bearing on this subject. They 
were described in detail in a work by one of his pupils, Professor 
Huguenin, of Zurich.^ They are based on dissections and, in 
part also, on the examination of thin and transparent hardened 
•ections. 

The brain being placed on its base, the lateral ventricles are 
opened so as to expose the upper aspect of the central masses 
which are contiguous to the various parts of the isthmus. 
Afterwards, by careful dissection, the following parts are removed 
in succession : (i) the tegmentum or upper layer of the crus, {2) 
the corpora quadrigemina, {3) the entire optic thalamus. 

When this is done, we have under observation the lower 
layer of the crus (pes, cmsta), and higher up, in the region of 
the internal capsule, the fasciculus of peduncular fibres pro- 
ceeding to the caudate nucleus. The fibres likewise belonging 
to the internal capsule, which go to the lenticular nucleus, 
occupy a plane situated below and outside the preceding 
fasciculus. 

On carefully examining the most internal and posterior part 
of the fan formed by the system of nerve-fibres, which have 
been exposed in the preparation, we distinguish a fasciculus, 
detached as it were from the rest, which, without penetrating the 
substance of the grey nuclei, makes a turn backwards just as 
it reaches the lower border of the lenticular nucleus (Fig. 26). 

This is, as you perceive, a direct fasciculus, seeing that its 
component fibres penetrate tJie corona radiata without passing 
through the central grey masses ; it is, moreover, as is evident 
from the description, a separute fasciculus. What is the 
destination of these nerve-fibres ? In man, it is almost impos- 
> ' Allgem. Path, dei Knuikh.,' &c., p. it 9, <ig. Sa. Zurich, 1673. 
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sible to lay, bat in certain apes^ aooording to Mcnrnez^ it i 
easy to follow their coarse into the white matter of tlie on- 
pttal lobe, immediately external to the poatezior oomn of it 
lateral ventricle. They terminate in the gttj oortical mittr' 
of this lobe. 




Fio. 36. — (C(^ied from Hngnenin'i work, loo. oit., Eg. 8s, 
p, 119). A, ooTpoB etri&tom ; b, lenticnlu nnolena ; o, pedniuniltf 
fibre* proceeding to tlie coipiu striatum ; s, fudoalns of dinet 
peduncular fibre* proceeding to the cortical inbetanoe of tli« oea> 
pital lobe. 

B. Ifl there any reason of an anatomical nature tendiiif to 
prove that the fasciculus in question is really made np i' 
centripetal fibres, the function of which is to transmit senriliit 
impressions to the surface of the posterior i^iona of &■ 
cerebrum ? 

Meynert thinks that this is the case, and bases his oondnia 

on the fact obsenred by himself, that these fibres may In 

'<nred, by the comparatiTe examination of thin aeotiona, fin 
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below up to the pons and through the crus cerebri, in which 
I they occupy the most external part of the foot or lower layer. 

In the pons they are situated in the posterior part of the 
'Pyramidal tract, and maiotain aImo§t the same position in the 
anterior pyramid as far as the level of the decussation. When 
they have reached this point — contrary to what takes place in 
the case of the ionermost fasciculi of the pyramid which pass 
into the lateral columns of the cord — they proceed, after 
decussating, to enter into rdatioa with the posterior spinal 
fasciculi. I cannot guarantee the perfectly autheuticity of this 
last portion of the course assigoed by Meynert to the fibres 
which compose the most posterior part of the internal capsule. 

Such, at the present time, is the quota furntahed by normal 
anatomy, in its endeavour independently to throw light on the 
questioQ which is engaging our attention. Interesting as tbey 
are, these facta, without the assistance of those supplied by 
pathological anatomy and experiment, would be quite inauffi- 
cicut for the solutioo of the problem, and once more I reassert 
that physiology and pathology cannot be inferred from the 
nere observation of purely anatomical facte. 

c. The time, therefore, has come to invoke proofs of a 
clinical and pathological order. There is, to-day, abundant 
evidence on this point. It will be sufficient for me to call 
attention to the observationa of Ludwig Tiirck, the pioneer in 
the path which we are traversing,^ to those of his countryman 
Rosenthal,' to those collected by myself at the hospital of La 
Salp^tnere, and linatly to those amassed by M. Veyssiere and 
M. Rendu, the former in his inaugural thesis," the latter in bia 
professorial thesis.* 

It is perfectly evident on associating and comparing theae 
observations: (i) that lesions affecting the posterior or 
lenticulo-optic region of the internal capsule are necesaarily 
followed by that form of hemiaiiiestbesia, which I term cerebral, 
and in which the senses presided over by the cerebral nerves 

> L. Tiirck, toe Chircnt, ' Lefan* sur Ics niAladiiM du sjBt^mo nerveai/ 
1 1, >• «dit., p. 315. 

* BMenUul. ' Edtnik der Nerrenlirankheit^ii,' ite Anfi. Stattgkrt, 1875. 
■ K. V«j*»iht», ' Reehercbea cliniques et ciprfrimentmlM jur rhjiui* 

■n««th^i« da came c^r^bnle.' Thise de Puis, 1S74, 

• 11. Itfndu, 'Dn aaeatliMcc apocUnM.' Th^ d'agr^gkUdn. Partf, 
,,>Slfi,p.a7et9S- 
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proper, the optic and olfactory, are involved in such a mxam 
as to reproduce accurately the special features of hysteiial 
hemiansesthesia ; (a) that, on the other hand, anssthenii 
absent in all cases in which, this region being respected, leaoB 
only involve the part of the internal capsule oompriaed betwes 
the lenticular nucleus and the head of the caudate nadeK 
These facts, furnished by pathological anatomy and dinied 
observation, are undoubtedly of capital importance in tbes- 
selves and independently of all adventitious aid, but when ood- 
bined with the data of pure anatomy they are of much greater 

value. 

This is not all. Experiment has also supplied its contingat 
of facts, which lead exactly to the same conclusion. 

Experiment may be said to have undergone an amendmot 
at the suggestion of pathological f&cts. Previously indeed, it 
had conduced to the belief that the centre of sensory impra- 
sions was to be found neither in the cerebrum proper nor ii 
the optic thalami, but at a lower level, in the pons or perbp 
in the crura cerebri. 

Against this assertion pathology protested by showing thai 
a lesion situated higher than this point, in certain regioni d 
the cerebrum itself, constantly gives rise to complete heou- 
ansesthesia. The recent experimental researches conducted in 
France by MM. Duret and Veyssi^re in M. Vulpian's labora- 
tory, have famished results in harmony with the teaching d 
pathology. An ingenious instrument, consisting of a trochar 
from which a spring-stylet escapes at the required momenti is 
introduced through the cranial walls into the central maiaei 
to a depth and in a direction determined beforehand in accoid- 
ance with previous experiments. 

In this manner, one may succeed with a little practice is 
producing a lesion separately of the two parts of the internal 
capsule. 

If, in the experiments thus performed, the lesion involfei 
the posterior region of the capsule, hemianaesthesia on tbe 
opposite side of the body is the inevitable result ; most fire- 
quently there is associated with it a certain degree of motor 
paralysis. 

On the other hand, the latter symptom is present alone, 
without the accompaniment of anaesthesia, whenever the lesion 



resjwcts the posterior third of the capsule and involves only 
some point in its anterior tvo thirds (Figs. 2^ and 28). 
Socb, in short, are the principal results of these expcrimeatB. 
Everything tends, as you see from vhnt precedes, to demon- 
strate in the posterior part of the internal capsule the existence 
of fasciculi of centripetal nerve-libres, the function of which is 
to convey towards the centre the sensory impressions proceeding 
the opposite side of the body. 




[ Fio. »7.— Tnkiui»rae seotinn .in. miuk five 

_ utlim^tws in front uf tti« >>i<tii.' >' ' -- ~ <::<{:itt^ uucleii L, 

lentit^W nocleui; ^. P, pedoai'nlai eijiansi.ni |iiitomal c*iwiile)- 
ch, optic ohisBiua ; ik, Mctiuo of internal capaale (anterior or 
lenticuIo-ttrioU ragjon) tsiutng hemiplegiB on the oppoait* side of 

« bodj. tritkoiit uumtheeia 1 k, Te^Miire's apring-ctjlet dividing 

■ iut«nwl capaal*. 

emanating from the foot of the central peduncle, these 
fibres on Icaviug the capsule proceed directly, irithout com- 
municating with the central grey nuclei, to enter into the 
fonnatinu of the corona radiata. Near their origin, that is to 
•ay, at the lower part of the capsule, these fasciculi, being com- 
piCMed into a narrow space, arc liable to be affected simulta- 
neoualy and in large numbers, by a very inconsiderable lesion, 
and lieuce cusucs well nurked ana»thc-<,i;'. 

Wc can understand, 4#ti(hi*oeJliW Hitc^i that higher up, at 
COOPER rr-r^rr.u, Co^. ^... 

S-.ii r-- -irM-.^iQ. QM^ 
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the level of the foot of the corona radiata, a lesion of the am 
extent, in consequence of the divergence of the fibrea, will jn 
duce effects much less pronounced. In reality this i> i^ 
takes place. There are, however, several instances of vd 
marked hemiamesthesia, in connection with veiy Umitful \tum 
of the foot of the corona radiata. 




Fio. 38. — TrauBTene section of the dog's cerebnim at the lenl 
of the corpon albicontia. 

o, o, optic thakmi ; e, s, caudate nuclei; L, L, lenticol&r noelei; 
p, P, posterior or lentieolo-optic region of internal capsule ; a, *, 
coniiia ammoms ; x, section of posterior or leDticnl(M>ptio part of 
capsule causing hemiamcBthesia. 

(Both this figure and tbe preceding are copied from the memoir 
of MM, Cftrville and Duret, which was published in the ' Aichives 
de phjsiologie uormale et pathologiquc,' 1875, pp. 468 and 471). 

It would now be desirable to determine whether ezteuiR 
lesions of the occipital lobes, and especially of their cortial 
matter, also give rise to crossed hemiamesthesia. 

Unfortunately the observations which might be quoted in 
this respect are not sufficiently explicit, bo the question mnit 
remain in suspense, until more adequate information ia forth- 
coming.^ 

Be that as it may, we are henceforth justified in believing 
that the component fasciculi of the posterior part of the iutemil 

1 In the casee of superficial Boftenlng of the ocdpital lobe, which I han 
ooUected, it is quite ae often a question of hypenestheaia, of painful MMt- 
tions of every kind in the limbs on the opposite side, of halloci&Bticaia of 
light, &e,, u of hemiamesthesia or amblyopia. 
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capsule and their direct emanatioiiB most not be looked apon 
as a centre for impressions of common and special sensation. 

These fasciculi merely represent a centre of passage or cross- 
way^ where the centripetal fibres in question are grouped 
together^ before diverging towards the superficial parts ^of the 
cerebrum. 
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LECTURE X. 

CEREBRAL HEMIANiESTHESIA (coniinued). CBOS 
AMBLYOPIA. LATERAL HEMIOPIA. 

Summary. — Description of tie cAaract-eris^ic feaiure9 of 

AemianasiAesia. Points of resemblance to kysteric 

anesthesia. 
The'anastkesia affects the different varieties of general a 

and the special senses. 
Hysterical amblyopia. Ophthalmoscopic examination. 
Functional exploration: diminution of tneual acuity ^ 

and concentric contraction of the vieual field, ^c. 
Crossed amblyopia with hemtanasthesia of cerebral origu 

tical symptoms. 
Lesions of the cerebral hemispheres causing hemianessH 

rise also to crossed amblyopia and not to lateral Aemi^ 
Hemiopia. Hypothesis of semi-decussation. 
Unilateral homonymous hemiqpia. Farietiee ofJiemiopu 

Gentlemen. — ^At our last meeting I endeavoured 1 
that a particular form of hemianaesthesia is a neceasai] 
quence of lesions involvings either by destruction or o 



I. 



nBRRBBAF/ HBMIAN£8THIt8IA. 99 

relative to this combiDRtion of Bymptoms and to its anatomical 
uid physiological interpretation, which I have purposely kept 
in the background, so as not to complicate the situation. To this 
^lltyect I propose now to return. 

^^^Blow me in the first place to recapitulate in a few words the 

^^^Koal characters of that variety of heraianxsthesia, which I 

^THre proposed to term cerebral heminnttthetia, in order to 

distinguish it from all the other forms of diminution or partial 

euppresaiou of eensatioo, uot origiaatiug in a lesion of the 

cerebrum proper. 

It is only of late years that cerebral hemianEesthesia from 
gross organic lesion — coarse di»ea»e, as Huglilings Jackson calls 
it with characteristically English freedom — has become the 
object of careful investigation. The features which it presents 
are the exact counterpart, as you arc aware, of those exhibited 
in hysterical hemiaDiesthesia. The latter being better understood 
at the present time shall serve as our prototype. 

In hysteria, as you know, we are coucerned with unilateral 
unesthcsia. Complete anssthesia only appears in compara- 
tively exceptional cases. An an tero- posterior plane passing 
through the median line of the body, fixes the limit of insensi- 
bility, which on the trunk, however, passes a little beyond the 
sternum in front, and the crest of the spinous processes behind. 
Kevertheless, this is a detail of secondary importance. The 
head, limbs, and trunk on one side of the body are therefore 
involved at the same time. Certainly, there may be degrees in 
the functional lesion, still it frequently affects ail the varieties 
of common sensation ; thus sensibility to touch, to pain and to 
temperature are often simultaneously diminished or suppressed. 
The insensibility extends to the deep parts and involves the 
muscles which may be stimulated by electricity without the 
patient being conscious of it. Neither are the mucous mem- 
branes respected. 

Let us add lastly — and this is the point to which I am 
desirous of calling attention to<day — that the hemiaiisesthcsia 
does uot affect common sensibility only ; it involves also the 
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special senses on the same aide of the boHj as the cataneous 
aniestheaia. This sensorial hemianesthesia affects not only the 
nerves which have their centre in the medulla, such as the 
aervea of taste and hearing, but also those of smell and of sight, 
the origin of which is in the brain proper. 

Such, gentletaen, ia hemianiestheaia as it moat commonly 
occurs in hysterical patients. 

If with this we now compare cerebral hemiansesthesia of 
organic origin, we shall find that a perfect resemblance can be 
established even in the smallest details. This similarity has 
already been carefully noted by myaelf as regards common 
sensibility,' and by M. Maguan as far as the disorders of hearing, 
smell, and taste are concerned.^ I see nothing to add to what 
has been said on this subjeet. 

Attention lias recently been more particularly called to the 
phenomena which relate to vision. In my wards at La Salpf- 
triere, M. Landolt has been engaged in some investigations on 
this subject, the results of which must be briefly mentioned. 

It will not, in my opinion, be devoid of interest to enter into 
some details in order to show you that even with respect to 
visual disorders— and this, as you will presently perceive, is a 
proposition of great importance — the symptoms in patients 
aflfected with circumscribed cerebral lesions are absolutely 
identical with those in hysterical subjects. It might indeed b« 
said that unilateral amblyopia in hysterical patients, apart from 
its proverbial variability, differs in no essential feature from 
crossed cerebral amblyopia dependent on organic causes. 

First of ail let us consider the case of hysterical amblyopia. 



II. 



(i) More or less pronounced diminution or, what is much 
more uncommon, even absolute loss of the visual faculty in 
the eye on the same side as the hemiansesthesia, is an important 
and well -ascertained fact. 

(3) A more minute examination shows ua the following 

' Charcot, ' Lp^onH anr lea maladies du sjgttme nerveai,' ire ^., 187a. 
' Mngnan, " De I'iicmianeBtli^BiB de la sensibility g&^rale et des sen* 
datu ralcooliBme chroniqne." ' Gaa. heLdom.,' 1873, p. 739 et 746. 
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peculiaritieB : no alteration Tisible hj tbc ophthalmoscope 
exists in the fundus of the eye. The papilla aud retina arc in 
ft perfectly normal conditiun. A comparative examination of 
the fundus on both sides reveals no appreciable difTcreace in the 
rascularity of the parts. 

Although the oph tb aim o scope discloses no appreciable change 
in hysterical amblyopia, ihia iit uot the case with respect to the 
functioual exploration, or examiuation of subjective pheno- 
mena. The following iuformation is acquired by this method of 
proceeding. 

(3} The visual acuity, when tested in the ordinary manner, 
ia frequently found to be reduced by a half or eveu more. 

(4) Tbere is concentric and gentral contraction <tf the vimal 
field. 

(5) Lastly, careful analysis has enabled us to recognise 
certain peculiarities which deserve to arrest our attention for a 
moment; I refer to concentric and general contraction <^ the 
mtual field for colours. 

Several authors, including M. Oalesowski, had previously 
noticed the frequent existence of achromatopsy and dyschroma- 
topsy in hysterical patients. It is to this point that tbe obser- 
TRtioos made by M. Landult in my practice especially relate. 

I must remind you that, in the normal state, all parts of the 
riaual field arc by no means equally endowed with colour-j)ercep- 
tiou. Tbere are some colours for which the visual field is 
pbysiologtcally more extensive than for others, and these differ- 
ences in the extent of the field are invariably present in all 
subjects, according to tbe same law for each colour. 

Thus, the visual field is most extensive for blue ; then come 
yellow, orungc, red, aud green ; lastly, violet is perceived only 
by the most central parts uf the retina. Now, gentlemen, in 
the pathological state which we are considering, these normal 
(duracteristics become exaggerated in various degrees. 

In fact, the different circles corresponding, in tbe exploration, 
to the visual limits for each colour, become couceutrically 
contracted in a more or less pronounced manner, according to 
tha known law under normal couditions. 

You may, therefore, readily forecast tbe numerous combina- 
tions, which are likely to be produced in the cases of hysteria, 
ttt vbich this kind of amblyopia baa reached a high degree. 
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The circle for violet becomes contracted to nothing ; thm, M 
the disease progresses, green, red, and orange follow in turn, 
yellow and blue persisting until the last, Obserration shom 
that these are the two colours, perception of which is preserred 
for the longest time in hysterical patients. Lastly, in the most 
advanced stages no colours can he detected, tinted objects then 
presenting to the patient an appearance like sepia as seen in a 
water-colour. 

Such, gentlemen, is the series of phenomena which we have 
over and over again observed in hysterical amblyopia. 

These features with all their various shades of difference 
were found to be of constant occurrence in several cases of 
crossed amblyopia, accompanied by hemiansesthesia and depen- 
dent on circumscribed cerebral lesion, which we have recently 
investigated from this standpoint. There was the same diminu- 
tion of the visual acuity, the same concentric and general 
contraction of the visual field for colours, the same absence of 
pathognomonic lesions in the fundus of the eye when examined 
by the ophthalmoscope, &c,' 

Upon this last characteristic I wish particularly to insist, 
because it enables us to draw a clear distinction between the 
functional disorders in question and other visual troubles 
which also depend on intra-cranial organic lesion. I allude 
now to those changes in the fundus of the eye, easily recognis- 
able by the ophthalmoscope, which are commonly known by 
the name of choked disc or neuro-retinitia, and which so 
frequently occur in consequence of encephalic tumours, whatever 
may be their nature or seal,^ and as a result of various lesions 
acting in a more or less direct manner upon the optic tracts. 

' The recent reeearches conducted by M. Landolt in mj wards havB shown 
that the contraction of the risual field for colonra, in ovarian bjiteria with 
bemionffifltheaia, is invariably experienced in both eyes at once ; but it ii 
incomparsblj more prononnced in the eye corresponding to the side afFect«d 
with aanatheBia. Tliis stnie pecnliari^ is ohBeTved in all the cues of 
oerebral hemiautestbeeia originating in an organie lesion, which have bean 
eiamined with respect to this point. Consequently, the term erotted 
amblyopia employed in these lectures must not be accepted ahsolutely in ■ 
literal Bonse, seeing that the obnubilation of eight involves both eyes, though 
to an unoqnal eitent. 

On this subject consult the interesting work of Dr. Annnske, " Dig 
Ifenritis Optica bei Tumor Cerebri," in ' Archiv fitr Opbtlialmologia,' 19 Bd., 
Abth. iii, 1873, p. 16$. 



THBOBT OF HEMIOPIA. 

IB aBking yon to accept, gentlemen, the (act tliat crossed 
I amblyopia is a consequence of those circnmscribed cerebral 
, lesions vliicli occasion hcmianEesthesia, I have advanced a truth 
lof the greatest importance as regards cerebral localisation. But 
lyou must not fail to remember that this fact is in direct oppo* 
ilition to the generally accepted ideas. Indeed, if we are to 
jbelieTC the theory proposed in i860 by Alb. von Graefe,' and 
■which appears to prevail universally even now, as is evident 
'from an interesting work recently published by Schoen,* abso- 
lutely unilateral lesions of the cerebrum do not cause crossed 
amblyopia, but a visual disorder of a different nature, vie. 
lateral homonymous hmtiopia. 

In other words, a circumscribed cerebral lesion on the left 
side would, according to the theory in question, give rise to 
suppression or obscuration of the right half of the visual field, 
and inversely for the case of a lesion of the right hemisphere. 

I think it my duty to protest against this theory, which is, to 
■ay the least, too dogmatic. I shall place in opposition to it 
the following proposition : Lesiont of the cerebral hemiipheret 
producing hemianasthetia likewise determine crossed atnblt/<qna, 
and not lateral htmiopia, 

I am not in a position, bear in mind, to peremptorily assert 
that lateral hemiopia can never result from a circumscribed 
cerebral lesion ; but I am inclined to believe that in cases of this 
liind — if indeed they exist — it is really a question of pressure- 
effects, that is, of more or less direct implication of the opUc 
tracts. 1 do not think there exists at the present time a single 
observation clearly proving that lateral hemiopia, apart from 
these conditions, originates in consequence of a lesion of the 
posterior part of the internal capsule or of the foot of the corona 
radiata, whereas a certain number of facts are extant in which 
such a lesion has occasioned crossed amblyopia presenting all 
the featuret we have just assigned to it. 

III. 

A few details with respect to hemiopia and the alleged ana- 
tomical cause of its development must now be placed before 

> A. TOO Gra«ff. 'Qtxette heUomadure,' i8to, p. 70S. Sm s1m> 'Tor- 
tnege so* der V. Qnefe'tchen Klinilt MatisUbl. t Aogenhlkde.,' Mftj, 186$. 

* SohMD, * Arcliiv d«r H«ilkunde,' 1875. i* Heft. 
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)rou. You are aware that the existeoce of thia siDgolar pheno- 
menon, which has bo often come under clinical ohserration, long 
since gave rise to an anatomical hypothesis, according to vhich 
the optic nerves in man undergo at the chiasma not a complete 
interchange of fibres, but what is termed semi-decuseatioii. 
This hypothesis is very old. It is generally attributed to 
WoUaston, but the truth is that Newton had previously formu- 
lated it in 1704, in his Treatise on Optics, 

In 1723 Vater had also adopted it with a view to expluning 
three cases of hemiopia, which he had observed.' 

I shall now recall to your minds the constitution of this 
theory. Among the nerve-tubes entering into the formatioo 
of the optic tracts and nerves it is necessary, as has been said, 
to draw a distinction between those which decussate and those 
which do not decnssate in the chiasma. 

These last (vide Fig. 29, a', l>], that is to say, the nerre* 
tubes which do not decussate, occupy the external parts of the 
tract, chiasma, optic nerve and retina; whilst the decussating 
fasciculi (A' a) occupy the inner sides of all these parts. Aa s 
result of this arrangement, the non -decussated tibres of the lef^ 
tract, for example, proceed to the left half of the retina of the 
left eye, whilst the decussated fibres of the same tract would 
go to the left half of the right eye. The distribution of the 
fibres of the right optic tract is efi^ected, of course, on the same 
principle, but inversely. 

In other words, the fasciculi composing the left optic tract 
go to the left half (og) of each retina, and inversely for the 
nerve- fasciculi proceeding from the optic tract on the right 
aide (no). 

It must not be forgotten that this arrangement of the optic 
nerve-fibres isj anatomically considered, quite hypothetical. 
Although several authors, among others, Hannover,^ Longet, 
Crnveilhier, Henle,' and still more recently, Gudden,* are 
persuaded that they can support it on anatomical grounds^ there 

' Ejiapp, ' Archiv. of Scientific Medicine,' New Tork, 187a. 

* Hannover, " Du Auge," ' Beitriige znr Anatomie, Phjsiologi* and 
Pstbologie dieses Organs.' Leipzig, 1873. 

' Honle, ' Nervenlehre. UeWr die Erenzcug im Chiasma ] 
OptiMmm.' 

' Gadden ' Aichiv tui Ophthalmologie,' 1S74, t, ao, ae Abth. 
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are others, such &b Bieeiadccki/ E. MandeUtamm,' and Micli<:I,' 
who, in oppogition, oppeul to arguments of the same nature, i 
and endeavour to ahow that the fibres of the optic nerves ' 
undergo complete decussation at the chioama, even in man. 

In short, we must confess that the question, at the present 
time is far from being settled. I repeat, therefore) that the 
semi-decussatiou is to be looked upon simply as a theory 
which, however, explains the factti observed in clinical medicine, 
and is certainly superior to the hypotheses which some have ' 
endeavoured to substitute for it. 

On glancing at the (liagrnni placed before you, you will see 
that this theory may be applied tu the explanation of the 
varieties of liemiopia (Fig. 39). 

Let us consider, in the first place, unUattrai homonymom hemi* 
opio, which, according to some writers, can only occnr as a 
direct conarqnmce of au iutra-ccrcbral focal lesion. In harmony 
with our theory, it is evident that a lesion situated at the point 
S, so as to interrupt the course of tlic fibres of the left optic 
tract (66'), both those which decussate in the chiaama (b') and 
those which do not decussate there (i), will affect the left half 
of each retina (Q,Q).or in other words, will cause either diminu- 
tion or complete suppression of the entire visual field on the 
right side (right lateral hemiopia). 

Left lateral hemiopia, on the other hand, would supervene in 
consequence of a lesion involving in the same manner the optic 
tract on the right »idr. 

So speahnthe theory, and as a matter of fact there are 
snmerous instances proving that lateral hemiopia is really the 
result of a lesion exerted on one of tbo optic tracts.* 

The effect will be the same, whatever the situation occupied 
by the lesion in the tract, from its origin in the corpora genicn- 

< Biniadecki. " Ueber da* Cliis«nia N«tvomni Opticonnn dM Mentcben 
Had der Tbitro," ' Wiener tiitiangaber. d- uiitH. DBtunriw. ClsMe,' Bd. 41, 
Jahrg., iMi.p. 86. 

• E. HuideUtamm, " TTober Splinervenkreoning nod HemJopie," ■ Arohiv 
fflr OpUhalmoiogin." t. 16. 187,1. p. 39. 

■ Uicbfll, " Uebet den G»u dn Cbisstna Kerromm OptiMrum." Same 
joimal, p. 59, Taf. i, 6g. 4. See also Butiui, ' The Lancet,' 1874, Jalj 
JSlli, p. IIJ. 

* Among otlms, mo th* tsM of E. Hnller tu the * Arcbiv ftir Ophthali 
1<^' vlU, Bd. i. 8. 160. 
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lata to its termiaatioa in the chiasma. Lateral hemiop 
ensoe, moreover, not only from a lesion conSiied to tbi 
itself, bttt aUo as a secondary phenomenon, conseqni 
lesions — hainiorrhage or tumours — originating in tha 
vhicli are in more or less immediate relation with tbts 
for example, the lower layer of the erus cerebri (pf>) 
the pnlyinar.' 




Tia. 39. — Diagram cxiibiDJiig tbe phenomena of Uteral 
and croHsed amlilyopiu. t, Eemi-decanHatiaa in tbe chianaa 
decQEMtion lichind tbe corpom gesiculBta ; C o, corpora genionlat 
a', b, fibres which do not det^useate in the chiuniai b', a, 
decusmting in the chiaama ; V, a', fibres proceeding from th* ri| 
eje meeting at a point, loo, in the left hemisphere ; LODi 
hemigphere. a, leaioc of the left optic tract causing right 1 
hemiopia. loo, a lesion at this point would pmdnce right d 
ambij-opia ; t, lesion causing temporal licmiuptai V, Jt, 
causing naial hemiopia. 



' The pulvinar or |>o«lerior lubtrcU of tbe optic thalamua ia Um 
and internal part of the upper lurfnce of thii nncleut. It iiaa ban 
tmtm—iTrantlatoT). 
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The other varieties of hemiopia are not more difficult of 
interpretation. A leeionj a tumour for instance^ situated at t, 
that is on the median part of the chiasma, so as to iuvolre only 
the decussating optic fibres [a, b'}, would paralyse the left half 
(a) of the retina of the right eye, as well as the right half (o) 
of the retina of the left eye, and give rise consequently to what 
is termed temporal hemiopia. 

In a case of this kind, Saemisch was able to foretell, during 
the life of the patient, that such was the seat of the lesion^ and 
the autopsy fully justified his anticipations.' On the other 
handj the so-called nasal hemiopia, which is characterised by 
suppression of the median part of the visual iicld, would be 
produced if the course of the direct fibres (a', b) were alone 
interrupted, at the level of the chiasma for example, in conse- 
quence of lesions symmetrically occupying on each side the 
points N, N. This combination, we apprehend, nmst occur very 
rarely. Nevertheless, some instances of it are on record ; 
among others, one which has been carefully deacribed by Knapp.^ 

In this case, pressure was exerted on the above-mentioned 
points by the anterior cerebral and posterior communicating 
arteries, which were increased in volume and indurated by 
atheromatous degeneration. 

I shall dwell no further on those forma of hemiopia, which 
are of no direct interest to us at present, but return to lateral 
hemiopia. It appears to be a well-established fact that this 
kind of visual disorder is the necessary result of lesion of one 
of the optic tracts. Is it likewise, as is generally asserted, the 
necessary consequence of a lesion involving the optic nerve- 
fibres beyond the corpora geniculata, in their deep, intra-cerebral 
course (log, lod)? 

Iq my opinion, clinical medicine and pathological anatomy 
contradict this assertion, which has, to say the least, been made 
in too dogmatic a manner. I can only repeat here what I said 
juBt now on this subject ; I do not believe that there exists at 
present a single observation proving satisfactorily that lateral 
hemiopia has originated in consequence of an intra-cerebral 
lesioD, without there being any implication of the optic tracts, 
whereas facts are on record in which a lesion of the posterior 
' See aleo Miiller, in E. Meissner's * Jahresberiobt,' 1861, 8. 458. 
' ' ArcliiTea o£ Scientific and Practical Medicine,' 1873, p. 393, 
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part of tbe internal capsule or the foot of the corona radiatt 
has given rise, simultaneously with hemianEestheaia, to crossed 
amblyopia, a visual disorder very different from hemiopia, Ttut 
being so, bow are we to explain diagrammatically this effect oft 
cerebral lesion, whilst admitting the indisputable fact of hemi- 
opia resulting from lesion of the optic tracts ? 

To attain this object, it will be sufScient to make a slight 
modification in the ordinary diagram of the semi- decussation. 

It is usually supposed that tbe nerve-fibres proceeding from 
the right and left eyes, and forming the optic tracts on each 
side, continue their course beyond the corpora genicnlata, 
without further change, to tbe deep parts of the hemisphere ot 
the corresponding side, and this view is in accordance with the 
prevailing idea that a lesion of the optic nerve-fibres, in their 
intra- cerebral course, is equivalent to a lesion of the optic tract, 
and consequently produces hemiopia. 

I propose to submit, ou the other hand, that only those 
fibres of the tract which have decussated in the cbiasma {a, b") 
pursue their course in the deeper parts without further decus- 
sation ; whilst tbe direct fasciculi, before penetrating tbe sub- 
stance of the hemisphere (log, lod), undergo complete decus- 
sation beyond tbe corpora geniculata at an indeterminate point 
of the middle line, probably in the corpora quadrigemina (tq). 

It follows from this arrangement that tlie fasciculi (i', o'j 
when united, for instance, at a point in the left hemisphere 
(loo), represent tbe sum of the fibres proceeding from the 
retina of the right eye, and that the fasciculi {b, a), represent 
the sum of the fibres coming from the left eye. The course of 
the optic fibres, therefore, as far as their deep tract is con- 
cerned, is in a manner restored to tbe type of complete decus- 
sation, and it is conceivable that in an arrangement thus con- 
stituted, whereas a lesion of the optic tract occasions lateral 
hemiopia, a lesion situated deeply in the substance of the hemi- 
sphere would, on the other hand, produce crossed amblyopia. I 
give you this hypothesis for what it is worth ; it is not baaed, 
at present, on any anatomical grounds, but, nevertheless, if I 
am not mistaken, it supplies a ready means of presenting in a 
very simple form the rather complex facts rere&led by clinical 
observation. 




OEIGIN OF THE CEREBRAL PARTS OF THE OPTIC NERVES. 

SrMMAEY. — Relation between crossed ambly^ia and ieaianaslketia 
TeittUii^ front lesion of the internal capsule. Cerebral origin 
of the optic nerves. 

Corona radiat-a of Reil, Cortico-optic radiating fasciculi. 
Anterior J^es [anterior root of lie optic tialamus] ; middle 
fibres {lateral expansion) ; pcsterior fibres [cerebral erpantion 
of the optic nerves). Anatomical relation* between the cerebral 
expansion of the opUc nerves and the centripetal fibres qf the 
corona radiata {hemianasthesta). Optic tracts ; origin of the 
external root [optic thalamus, corpus gentculatum externum, 
anterior corpora quadrigemina) ; origin of the internal root 
(corpus geniculatttm internum, posterior corpora quadrigemina). 

Connection between the masses of grey matter and tie encephalic 
cortex : cortico-optic radiating fasciculi. 

Effects of lesions of the anterior corpora quadrigemina. 

Cases of lateral kemiopia of supposed intra-cerebral origin. 

Oentlbuen, — I hope I have succeeded in clearly demon- 
strating the existence of crossed amblyopia, as a ajmptom of 
lesions occupying the poHterior part of the internal capsule or 
the corresponding emanations from the foot of the corona 
radiata. 

At the same time, I endeavoured to prove that Von Uraefe's 
statement to the effect that homonymous hemiopia, and not 
crossed amblyopia, vas the only functional disorder of vision 
likely to result from lesion of one cerebral hemisphere, — I 
endeavoured, I aay, to show that this proposition is, at any 
rate, far too dogmatic, and that the arguments on which it rests 
should undergo complete revision. 
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To-day, I would inquire with you if normal anatomy cm 
inform us why the seneorial disorder in question, that is to uj, 
crossed amblyopia, is a frequent if not an habitual accompuii- 
ment of hemiansesthesia resulting from lesion of the intemil 
capsule. 

You have not forgotteu that this hemiauEesthcsia of common 
sensibility depends on the existence of a fasciculus of direct 
centripetal fibres, the course of which is not arrested in tlie 
grey nuclei of the central masses, and which, on leaving the 
internal capule, forms the most posterior part of the foot of the 
corona radial a. 

Does there exist some connection, some more or leas immediate 
relation, betvreen this sensitive fasciculus and the aensorial 
fibres, which are intended to place the visual apparatus in com- 
munication with the cerebral cortex? In approaching thia 
question we must, at the outset, study the origin of the deep 
or cerebral parts of the optic nerves. We are about to broach 
a difficult subject, which is still obscure in more than one poiot, 
I must not, however, neglect to indicate its principal headings, 
were it only in order to point out the path iu which future 
researches should be directed, and in which pathological anatomy 
is very probably destined to play the predominant part. 

In accordance with the general plan, the cerebral nerres 
have to encounter, before penetrating the cerebrum itself, one 
or several masses of grey matter, which are conveniently termed 
the nuclei of origin. 

They are expansions which have originated in these nuclei 
and which, in an indirect manner, place these nerves in relation 
with the cortex of the cerebral hemispheres. A priori, nothing 
conduces to the belief that the optic nerves escape this law. 
Indeed they do not escape it, but their disposition is very com- 
plicated and, moreover, not well understood in certain detailj. 



In the first place I shall dwell a moment on some points 
relative to the constitution of a part of Reil's corona radiata.' 

' Tbo various peduncnlar and other faaciculi fonning the corona radiita 
{eowaergmt fibres of Luja, MejnerVa first projection tyitem) make u 



I make up, to a J 



DBEP OEIora 0? THB OPTIO NBEVES. 1 

In the diagram placed before you, vMch I borrow from 
HngUBQin (loc. cit., pi. (59, p. 93), the superior parts of the 
large extent, tbe ceotral «bit« tom* rolled the centrum ovate, wlitoh the 
hemispherical cortei envelops uiU enclose*, to am Forille'B coinparuon, tike 
sptme. The; do not repretent the whole of thia maes. The latter alio 
eontoiiu fiuiciculi which, altboagb quite unconnected with the preceding, 
iutennin^le with them. Tlie«e iut bnndlei constitute wliatMeynert calls the 
auoeiatUm tytltm. The faseiauli whieb compoM thin «jratem, ma; be 
nwlTed, in n general manner, into two kinds. Some arc collected into 
aanuniMoi^ uniting, one to another, hoinulot;ouii part« uf tbe cerehml 
heminpherm. Snch, for example, are the corpus calloaum and the anterior 
MnuuiKure, Others are conii>o»ed of fibres haTing, aa a rule, au antero*, 
poitorior direction, whiob bring into relation different ports of the same 
hemisphere, 

Tha acconi|Mnying figure (F'ig. 30), borrowed from Uejuert (loo. 1' 




FlO. 30.— After Mejnert (Strieker's ' Handbnch," t. ii, p. 703, 
~_ 133)- A ntero- posterior lectionof the brain of the C«reocefru« 
tinoPKilgtu. r, frontal eitremity ; o, occipital eitromit; ; D, 
)dIs; BB, cortical matter; SH, sulcus bipponunpi ; l, 
thinl ivgment of Icntdcalar nnclcos ; al, cUnstram ; c «, tail of 
the corpnsstrjatnni ; r.piilTlnar; o,carpasg;eniculatam oitemnm. 
pv, Qbnu propria) connecting two oooTolations ; are, fascjculiu 
aronatu* ; one, faacicolus nnciDalni ; Ig, inferior longitadinal 
bacnoalos ; c a, anterior comnuMnre ; it^f. pcaterior conin of 
lateral rcntiicle. 

ig. 2SS), and reprNsnting an anterior aection of a monke/s corcbnsi 
(0*roM*6wf onuwwifw), shows well tbe direction of the piinoipal (oocioali of 
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hemispherea, including the corpus callosum. Lave been removed, 
and the ventricular cavities laid open. You will notice parti- 
cularly the lower part or posterior coruu of the ventricle [f] 
which plays an important part here in topography (Fig. 32), 

The caudate nucleus has been detached, its outlines being 
represented by a dotted line ; the radiating structure, that is to 
saV) the arrangement of cortico- striate radiating fasciculi, bu 
likewise been removed (.Fig. 31, fkJ. In this manner the 
ayetem of cortico-optic radiating fasciculi has been espoaed 
(ft. Fig. 31, h h, a, k k, Fig. 32), It is possible now to di». 
tiiiguish in these last bundles, three groups of 6brea: (1) Those 
which are anterior (A A, Fig. 32) are called the anterior root of 
the optic thalamus (Vordere Stiei); they are directed towards 
the frontal regions ; {2) others are middle or lateral (t i, Fig. 3a). 
(lateral expansions) ; (3) lastly, those which are posterior are 
described by Gratiolet,^ who was the first to study them 
thoroughly, under the name of optic cerebral expansions or 
expansions of the optic nerves {k k, Fig. 32), (Sehstralilungen). 
The fasciculi of this last group, which are the special object of 
our inquiry, are only separated from the cavity of the posterior 
cornu by the ependyma and the lapelwn, which is a special 
expansion of the tpltnium of the corpus callosum. In this same 
region, but at a lower level, arc distributed the cerebral ex- 
pansions of the fasciculus of centripetal fibres, lesion of which 
determines hemiauiestbesia of cerebral origin. There is, there- 
fore, by proximity or contiguity, a relation between these 
fasciculi and the optic expansions, and this relation would be 
well adapted to explain anatomically the frequent eo-exiatence 
of be mi anaesthesia and crossed amblyopia, If it were thoroughly 
established that the bundles luiown by this name of optic 

thi» sntero-posterior asaociation ayateni. We see at pv, the faBuiouU.of 
fibres, admirably described by Gmtiolat as fibra propriir, wbtcb bring into 
relation neighbouring oonvolutionB ; at arc, the faecicaliu armuxtiu, the 
fibres of which eitend above the corpus calloeum from the occipital to itte 
frontal lobe ; at Ig, the inferior longitudinal fasciculus uniting the ocoipital 
to the eitTcmity of the sphenoidal lobe ; finally at witc, the faimcithu 
undfUitvt, the direction of which is nearly vertical, and which establishes a 
relation between the frontal and sphenotda! lobes. 

' See Gratiolet. — ' Auat. compariJe,' t. ii, p. iSl, and following. — Lnjs, 
Ipo. ait., p. 173. 
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^^H^ Fia.31. — (Diagram after Hnguenin). nc, caadat^ nncleiiB; 00, 
Optic thalamns ; nl, lenticulnr nacleiu with its three segmeT)t«*i 
AM, olaiutnim ; CB, eiteroitl caprale; Ci, interoal capiule; 'js, 
foot of tlio peduncle; C^, cornu siamonitt ; ni, island. of Heilj 
FL, fibres proceeding from the peduncle to the lenticular nncleus; 
rc, peduQcnlar fibres proceeding to the caudate nacleus ; F8, fibres 
passing from tbe lenticnlar nuclenit to the sphenoidal lobe ; pn'. 
fibres from the lenticular nuoleufl going to the peripheiy ;" fk, 
fibres from the csodate nucleus going to the periphery ; ft, 
fibres from the optic thaUm is going; to the periphety ; .fd, direct 
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expsnBioDB are really a more or leas direirt prolongatigiof 
aplic aerTOB. 




Fia. 3a. — Bodi&tioiu of the optic tludamiifi (diagiajii copii 
from Hagnenin'i worli, p. 93, fig. 69). a, optio tlialAiniii; i, 
oorposlatriiitiim ; e, fomii ; d, rorpora qQadrigemina ; f, poiteriK 
oomn of lateral Tentricle ; g, comn ammonii ; h, h, Kaimaar mi 
0^ opiio tluJamoB j i, i, lateral radiations ; )t> i, Qiatiolet'B (fix 
ndutioDh 
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In order to examine this laat point, it is necessuiy to make 
% d/tour, with a view to asceriaiiuDg what ia known with rcftard 
e nuclei uf grey matter where the optic nervea take their 
[firat origin at the base of tbeeucephalon, as it were outside the 
!«erebrtiin projier. Some preliminary observations coucerning 
Ithe eiternat disposition of the ports we have to consider appear 
to me tu demand attention at the present time. 

M'ben the eutire isthmus is detached from the encepbaloOf 
,.the adjacent optic thatami being left undisturbed, and if the 
[preparation thus obtained be examined on its posterior surface 
lire notice the following : (i) in front, the optic thalami on each 
aide arc seen to be separated by the third ventricle; (z) behind, 
ttbe anterior and posterior corpora quadrigemina; (3) to the 
'outside, the anterior brachia in relation by their internal 
lestremity with the anterior corpora quadrigemina, and the 
posterior brachia in relation with the posterior corpora quadri- 
cemina. We see, moreover, in the same region on raising the 
IKMterior extremity of the optic thalamus, or pulviuar, to the 
inside, the corpus geoiculatum internum, and, to the outside, & 
grey mus rather more voluminous, which is the corpus gentcu- 
latum externum. Behind and above these parts appear the 
Iwad of Rcil, the processus cerebelli ad testes, the crura cerebri^ 
the restiform bodies, and the middle cerebellar peduncles. The 
corpora geniculata interna and externa are admittedly the two 
first nuclei of grey matter with which the optic nerves enter 
'into relation in their course towards the cucepbalon. We know 
that these nerves, behind the chiasma, take the name of i^lie 
tractt, and that these latter, in the part corresponding to the 
posterior two tbinis, are divided into two bauds, which we may 
consider as roots, one being internal and the other citcroal. 
I The external is, at the same time, the most voluminous and 
'the most important. It supplies several fasciculi which enter 
^into relation with the variou* grey nuclei. 

(1) We must notice in the tirst place a fasciculus which is 
Hted in the external corpus gcniculatum. This lost consists 
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of Bome rather large masses of grey matter enclosing brancbiiig 
and fusiform cells of pretty considerable size, which you will 
find well represented in Henle's work (fig. 177, p. 249). 

(2) A second fasciculus, situated internal to the preceding, 
penetrates the lower stratum of the thalamus, about twelve 
millimetres in front of the extremity of the pulvinar. In 1 
transverse section, such as is figured in Meynert's work (fig, 149, 
II r), the fasciculus in question is situated between the externil 
corpus geniculatum and the foot of the cms. 

The existence of this fasciculus, which is affirmed by Gratio- 
let, has also been clearly recognised by Meynert, Henle and 
Huguenin. 

(3) A third fasciculus which, according to Gratiolet, is the 
most evident and the best known of the roots of the optic nerr^ 
turns around the external corpus geniculatum and enters tlie 
anterior corpus quadrigeminum of the corresponding side.^ 

The description given by Gratiolet and confirmed by Vulpian 
and Huguenin' is perfectly accurate as far as the majority of 
mammiferous animals are concerned,^ As regards the monkej 
and man, there is not the same degree of certainty. In them, 
the existence of this fasciculus, which is, however, indisputable, 
can only be shown anatomically by very careful dissection.* 

From what precedes you see that the external root of the 
optic nerves takes origin in three nuclei of grey matter, vi».; 
(l) the optic thalamus; (2) the external corpus geniculatum; 
(3) the anterior corpora quadrigemina (nates). These are 
certainly the principal sources of the optic nerrea in man, sod 
in a large number of animals they are probably the only sources. 
At any rate this appears to have been proved by GuddenV 

' Gratiolet, loc. cit., p. 180. 

' Huguenin, ' WeBtphal'B Archiv/ v. Bd., I Heft, 2 Haft, 1S75. 

* For tho brains of the rabbit and dog, eee the plates in Gndden's work, 
' Arch. f. Ophth.,' m, 1875 ; for the cat's brain, Forel's plates, " Beitnge 
zm Kenntniss der Thalamua options," Sitz. ' Beiicbt der K. Akad.,' Ixn 
Bd., 1872, t. ii, fig. 10. 

* A foarth faeciculoa, situated external to the one which is arrested in 
the oater corpus genicnktam, is distribnted over the thalamtta and take* 
part in tbe formation of the atraiiim, zonule. Thia fMcioulns, which was 
first pointed ont by Arnold and Gratiolet, has been described and figured bj 
Meynert, p. 436. 

* Gndden, ' Arohiv fiir Ophthalmol.,' 11. 
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iDtereBtiiig experimeats, which consisted in extirpating the eye- 
balls of very young rabbits. 

When, at the end of a few months, the animals thus treated 
were killed, it was found that secondary atrophy affected, as 
regards the central parts, the anterior corpora quadrigemina, 
the optic thalami, and lastly the external corpus geniculatum ; 
on the other hand, the posterior corpora quadrigemina and the 
internal corpus geniculatum did not participate in the atrophy. 

Although of less importance than the external, the internal 
root of the optic nerves must nevertheless not be overlooked, 
especially in the case of man. 

Yon are aware that it enters into evident connection with 
the internal corpus geniculatum. This last contains only aome 
rudimentary nerve-cells (Henle), and consequently cannot be 
looked upon as a centre in the same sense as the external 
corpus geniculatum. The nerve-fasciculi of the internal root 
ultimately proceed to the anterior corpora quadrigemina, either 
after passing through the corpus geniculatum or by a direct 
course. 

Huguenin ('Archiv fiir Psychiatric,' 1875, v Bd., faac. 2, 
p. 344) has recently asserted that the internal root of the optic 
nerves, at any rate in man, is in relation anatomically with the 
posterior corpora quadrigemina, either directly or through the 
medium of the internal corpus geniculatum. The posterior 
corpora quadrigemina would seem, therefore, not to be excluded 
from the system of the optic nerves in man, as they appear to be 
in animals. This is not inconsistent with what has been observed 
in certain cases of grey tabetic induration of the optic nerves. 
Indeed, quite lately, in the case of an ataxic woman, who had 
been blind about fifteen years, grey induration of the optic 
nerves could be followed beyond the chiasma to the optic tracts, 
as far as the corpora geniculata. The corpora quadrigemina, 
both anterior (nates) and posterior (testes), had almost preserved 
the white tint of the normal condition, but they bad both un- 
dei^one a most manifest reduction in size (case of the woman 
uamed Magdaliat).^ I have observed several cases in every 
way similar to the preceding. 

We must now inquire how these various masses of grey 

' The anterior and posterior brafliia, also, were in this case remarkahlj 
atrophied ; thej ptesentcd a dull white colour, slightly tinged with follow. 
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matter, which have just been eDumerated, enter into relation 
with the cerebral cortex. The connection is established, si 1 
have already remarked, by a system of fibres constituting the 
most posterior part of the radiations of the optic thalaoiiu 
(cortico- optic radiating fasciculi), and which are BometimM 
termed Gratiolet'a optic radiationa. 

You can follow the somewhat complex anatomical detaili^ 
relative to this matter on the accompanying figure, copied from 
Huguenin's work, and which refers to the ape (Cercocebui 
cinomolgus) {fig. 33), You see, on this plate, how the bundle* 
of fibres or radiations, springing from the external and internal 
corpora geniculata, Ge and Gi, from the pulvinar, TA,' from the 
anterior corpora quadrigemina, Qu — these last through the 
medium of the anterior brachia, B» — become associated, after a 
recurrent course, with the fasciculus, Om, which is no other 
than the collectionof direct peduncular centripetal fibres we hare 
already described fLectures VIII and IX, Fig. 26}, and which 
controls common sensation on the entire opposite side of the 
body. 

There are, doubtless, mixed with this aggregate of fasciculi 
fibres proceeding from the olfactory tract through the mediau 
of the anterior commissure, the extremities of which, aa we 
know from the descriptions of Burdach and Gratiolet, are 
directed backwards into the substance of the occipital and 
sphenoidal lobes. 

Clinical facts conduce to the supposition that there are also 
associated here decussated nerve-fibres in relation with the 
auditory and gustatory nerves. If this disposition, which at 
present is quite hypothetical, be verified anatomically, we shall 
understand why crossed obnubilation of smell, taste, and hearing, 
as in the case of amblyopia, invariably forms an integral part of 
cerebral hemiancesthesiH '. 

The region of the encephalon to which 1 have called your at. 
tention, and which corresponds to the most posterior part of the 
foot of the corona radiata, may therefore be considered, in ac- 
cordance with the preceding observations, as a cross-way where 
all the sensitive and sensory tracks are gathered into a very 

' Theoretically, cerebral hernia ntesthesia woulil he distinguished from thit 
dependent on a leaion of the pona or crui cerebri, bj the non- participation, 
in these last cases, of vision and fmell. 
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I circumscribed space in the substance of ihe eacephalon. It is 
i a CToas-wsf , not a centre. The cerebral centre proper must be 
I nought for in the prolongation of the meduLLary fibres into the 
I cortex of the occipital and sphenoidal lobes. 
I We shall have to revert to this point when we come to con- 
jiider localisations Id the cortical system. 

kthe anatomical account just given, you will have remarked 
he optic uerve-fasciculi, after their decussation in the 
I cbiasma, again approach the median line at the corpora quadri- 
igemina only. Does the supplementary decussation which, 
ftccording to the hypothesis I have proposed, would reduce the 
optic nerves to the condition of other nerves, take place at this 
point ? This is a question which at the present time seems ex- 
ceedingly diflBcult to decide by the aid of anatomy alone. 

The existence of numerous decussating fasciculi at the median 
line between the corpora quadrigemina has certainly been veri- 
fied anatomically. But wecannot determine if these decussated 
fibres are really in connectiun with the optic nerves, and, espe- 
cially, if they are the prolongations of the optic fibres which have 
sot decussated in the chiasma. Experiment, and particularly 
pathological anatomy, will, in all probability, take the first atep 
in the solution of this debated question. 

The experiments of Fluureus on mammals and birds have 
already shown that removal of the optic tubercles is followed by 
crossed amblyopia or amaurosis. But the animals in question 
Rre those in which the ocular axes are directed outwards and 
io which, doubtless, the decussation in the chiasma is complete. 
In man, the data for the solution of this problem are still want- 
ing. Lesions of the corpora qnadrigemina are not uncommon 
in man, but they are usually symmetrical, and, consequently, 
since they cause bilateral blindness, cannot decide this point. 
Tbo quMtioD, indeed, is still asked, if lesion of the anterior cor- 
pora quadrigemina will produce lateral hemiopia, as in the case 
of leaioD of tho optic tracts, or if, on the contrary, the result 
will be crossed amblyopia, which should take place according to 
my hypothesis. In favour of the latter I can quote but one 




^O' 33. — This Ggure ia copied from Moynert's work (StHdur't 
' Handbaoh,' t. ii, p. 731, 6g. 243). It represoate « lon^todbttl 
and horizontal tecUaa of the left half of the brain of the Cvreooth^ 
cinomolgut. 

F, frontal extremitr ; O. occipital region ; F8, finure of Sylniif 1 
I, taUnd of Reil ; C!, ckiutrum ; T, uorpoB uajlosum i 8, ■Pptoa 
lucidom; Ca.antoriorcoroaiiBsun?; A.cornaammoniai V, uiteriff 
1 of laUrai Tantriola ; Vp, poBt«rioT comn ; Vm, Vm. Uiiil 
ventricle; Cm, middio commiisura ; Ap, aqueduct of Byl Tin* ; Li. 
Lii,Lm, Begmenta of the lenticular nucleuB ; Nc, head, 1 
tail of caudate nnoleus. 

Th, nnrt oE optic thalamoB situated in front of tile ooipan 
geoicnlata ; Th', pulvinor of optic tUalBinuc. 

Qu, corpora quadrigemina ; Gt, intemul corpna ^niotilatnni; 
Qe, ertemol corpm genicuktum ; P, foot of the cerebr&l pedoBolt; 

Om, medullar; fasciculi proceeding from the occipital lobe to tbt 

pulvinar, to the bnichia of the anterior and posterior corpora qiuvl- 

rieetnina, B« and Bi, to both corpora genicolato, and to Uu ^M 

I 01 the cerebral peduncle. 
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obBeiration, which was published hj Dr. Bastian, and in which 
a unilateral lesion of the anterior corpora quadrigemina had 
caused crossed amblyopia. 

But, at the present time this case remains unique, and, more- 
over, it cannot be considered decisive, since the details given 
are too insufificieut.' 

i 

H Ifc remains for me to inquire whether crossed amblyopia is 

I tlie only kind of functional disorder of vision which can result 

I from a lesion of the cerebrum proper, or whether, on the other 

hand, hemiopia also, as some authors assert, may not supervene 

in consequence of certain pathological localisations in the hemi- 

tphere. 

This is a point which at present, I think, we are not in a 
poaition to decide. 

In the absence of autopsies to the contrary, I am iuclined, 
however, to the opinion that in the majority of the cases of 
hemiopia, which have been ascribed to cerebral lesion, this 
either did not occupy the deep regions of the hemisphere or it 
extended to the basilar parts in such a way as to involve more 
or less directly one or other of the optic tracts. 

In order to prove tliat lesians in the substance of the cerebrum 
produce hemiopia — under such circumstances the question is 
alwaysoue of lateral hemiopia — the case especially quoted is that 
in which visual disorder occurs suddenly, in consequence of an 
apoplectic attack, the extremities on one side of the body being 
at the same time affected with motor hemiplegia and sometimes 
also with amesthesia. Nothing in clinical medicine is better 
eatablisbed than the existence of facts of this nature, several 
instances of which have been recently quoted in Schoen's inter- 
esting work.' But the account of the autopsy has hitherto 
been always defective, and it may be asked if the lesion 
described in these cases did renlly occupy the deep parts or^ on 
the contrary, the base of the encephalon. 

It seems to be an indisputable fact, as you have not forgotten, 

■ U. C. IWlisD, ■ Tlie lAucet,' Julj ajtb, 1874. 
* 'Aichiv il«r tlDilkaniU,' p, 19, 1875. 



i 



I. 



122 HEHIOPU IH HBOBIK AKD 

that destruction or compression of one of the optic tracts ii 
lowed by lateral hemiopia, and, on the other hand, that 
anatomical relations existing between the tracta and ce 
parts of the isthmus, as for example, the cmra cerebri, 
matter of common knowledge. 

This being so, it cannot be denied that a lesion soitabl; 1 
ised, in one of the crura cerebri, for instance, is likely to I 
at the same time lateral bemiopia, motor hemiplegia, 
perhaps also hemianKsthesia. A leaion, inch a* a htemorri 
focuB suddenly occurring in the substance of the posterior 
of the optic thalami, might also, it is coaceirable, be foU< 
by the same effects. It is evident that these various comi 
tioas depend simply upon the effects of pressure. Be tht 
it may, it is important to remember that, among the pnbli 
cases of lateral bemiopia of supposed intra-cerebral oris 
certain number of them are not amenable to the explaui 
which I have just suggested. Such, among others, are the i 
in which right lateral hemiopia arises in common with aph 
and sometimes also with various modifications of aensibilit 
movement in the limbs on the right side of the body.^ 1 
facts do not constitute a homogeneous group. In the 
category we are concerned with a particular form of megi 
that is to say, of symptoms essentislly transitory, occurrin 
paroxysms and characterised especially by the co-existen< 
scintillating scotoma, of more or less pronounced hemiopia, 
sometimes also of a certain degree of aphasia and of numb 
in the face and limbs on the right side of the body. 

Cephalalgia, nausea, and vomiting usually terminate the ac 
It is evident that we cannot invoke here tiie intervention 
coarse and permanent material chaufje. It is not the sam 
cases belonging to the second category, in which aphasia, h< 
plegia, and bemiopia exist as permanent phenomena,' 

' Several cases of thU kind havB bean described lately by Bemli 
' Berliner Klin. Wochenacbrift,' 33, 1873, and > Centrolblatt,' 1873, 39 j 
by Schoen, loc. cit. See also HughliDgaJackEon, "A case of Hemiopia 
HemiansatheBia and Hemiple^a," ' The Lancet,' Aug. 39, 1874, p. 30*! 

* On this form of megrim lee the works of lissot, Laborraqae, Fi 
and Latham (' On Nerrons or Sick Headache,' Cambridge, 1873) ; 
Mpeciallj Dr. Liveing'a recent work 'On Megrim, Sick Headache, audi 
Allied Diaorden,' London, 1873. 

* It ii conceivable, indeed, that a Urge tamonr might oooasioii tl 
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In the present state of affairs, I do not see how these different 
cases^ which have been brought to light by clinical observation, 
can be explained anatomically on the hypothesis of a unique 
lesion. But I can only point out these difficulties, the solution 
of which is reserved for the future. 

•ymptomB noticed in oonneotion with esses of the second cstegoiy. This 
happened in a esse recently published by Hinohberg in 'Yirohow't 
Arohiy ' (t. Ixt, i Heft, p. 116.) The patient, who wai the snbjeet of thii 
observation, preiented in addition to yeiy charaoteriitic right lateral hemi* 
opia, aphaeia and right hemiplegia. At the antopsj, there was foond in 
the snbctance of the left frontal lobe a tumonr, the size of an apple, which was 
deecribed as a Tseonkr glioma. The optic tract on the Irfl nde iimu nwek 
JIaUened. I mnit uk yon to notice that the Tiews expreoed in the preeent 
lecture are corroborated bj thii obeervation, tinoe the hemiopia, thers 
described, might be referred to the preesoxe exerted on the optic tract. 



LECTURE Xn. 

SEOONDABT DEGENSBATIONS. 

SuMMAKY. — Anterior or lenticuUhdiriate region of ike central maua 
{anterior two thirds of the, internal capsule, caudate 4Mmd lend" 
cular nuclei). Influence of leeione of these parts over tie pro- 
duction of motor hemiplegia. Experimental facts. Agreemesi 
between them and facts in human pathology. Difference between 
lesions of the caudate nucleus and those of tie anterior peri 
of the internal capsule. 

Lesions causing secondary degeneration or descending sclerosis : 
importance of the seat and extent of these lesions. Ciaracier- 
istics of descending sclerosis. Extent: abearance of tie 
lesion in the crus cerebri, pons, anterior pyramid, and lateral 
column of the cord. 

Analogies and differences between secondary lateral sclerosis of 
cerebral origin, and primary fasciculated sclerosis of tie lateral 
columns. 

Symptoms pertaining to secondary sclerosis : motor impotence, per- 
manent contracture. Muscular atrophy produced by extensum 
of the lateral sclerosis to the grey comua. Descending sclerosis 
secondary to a cortical lesion. Pathological facts in favour of 
the existence of direct peduncular fibres. Cortical lesions 
causing secondary degeneration correspond in position to tie so- 
called pyschomotor centres. 

Gentlemen^ — We must now direct our attention once more 
to the anterior region of the central masses^ in order to study 
more closely from the standpoint of pathological anatomy and 
physiology^ the e£Pects of lesions produced there. You haye 
not forgotten that this region^ which might be called the 
lenticulO'Striate, in opposition to the posterior or lenticulo-qptie 
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, mclades: — (i) The anterior two thirds of that white ■ 
which we term the iuteraal capsule; (a) internal to this, 
the large extremity or head of the caudate nuclens; (3) ester- 
dly, towards the island of Reil, nearly the anterior two 
pdB of the lenticular nucleus. 




Fifl S4.— A, optic tbklamiu ; Am, cUtutnnn ; cc, oorpu nl- 
KMom ; ctf, eit«ni»l cspvnlt ; I, islkiiil of Beil 1 t. jMah of old 
Mfleobg effecting the middle part of the caudate oocIbiu nnd 
intcnuJ capaole. The ieiioo, whiuh nnisuts of a kind of large 
hollow, is onlyaeparated from the lateral ventricle bythecpendftua 
H, nhioh haa reaiiit«d further ett^nrion. 



Observation has repeatedly shown, as I have already re- 
marked in the course of tlKS'S lectures (Lectures VIII and IX, 
pp. 85—^7), that commoD motor hemiplegia without the 
accompaniment of disorders of sensibility is the inevitable cou- 
sequence of all lesions, however small, which have their seat in 
the various parts just enumerated, on condition, however, that 
the lesions in question cause destruction or sudden compretsion 



126 HEMIPLEGIA. 

of the nerye-elements of the circumscribed area inyolvedj aad 
not merely simple displacement gradually eflTected, as is lo 
often seen in the case of tumours. 

I called attention, moreover, to the neeesaity of eatablishiig 
an important distinction in this respect. Hence it is that eics 
extensive and profound lesions which remain limited to the 
sphere of the grey nuclei (caudate or lenticular nudena) deter- 
mine, as a general rule, symptoms relatively but little marked 
and of short duration, whilst comparatively alight lesion 
involving the white tract (internal capsule) give rise to motor 
hemiplegia, which is not only very pronounced bat also of long 
duration, often, indeed, incurable (Fig. 34). 

I would inquire with you the reason of these differences. In 
the first place, 1 shall consider the relative intensity of the 
paralytic symptoms in the case of lesions of the internal cap- 
sule in comparison with their mildness in the case of lesumi 
limited to the grey nuclei. Afterwards I shall notice the tran- 
sitory character of the hemiplegia in cases of the last kiod;>is 
opposition to the permanence which this symptom ahnoit 
necessarily presents when the lesion involves the internal 
capsule. 



I. 

In reference to the first point, I shall once more recall to 
your minds some peculiarities in the anatomical constitution of 
the internal capsule. You have not forgotten that this tract 
contains (i) direct peduncular fibres, which arise beneath the 
cortex and penetrate the lower layer of the crus cerebri witli- 
out entering into relation with the lenticular or caudate nucleoa; 
(2) indirect peduncular fibres which, on the contrary^ take origin 
in the lenticular or caudate nucleus and have no connection 
with the cortex. For the moment we shall disregard the fasci- 
culi of fibres extending from the cortical matter to the central 
grey nuclei. We shall assume that the various peduncular 
fibres, both direct and indirect, pass in a centrifugal direction, 
and that they transmit to the periphery the motor influence 
developed either in the cerebral cortex or in the lenticular and 
caudate nuclei. 
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According to this hvpothesUj it is eaay to underat&ni] that a 
sliglit lesion alfectiog the internal capsule, particularl]r its most 
inferior part near the foot of the cerebral peduocle, where all 
the fibres are packed into a narrow space, will have the effect 
of suspending at the same time the influence of the cortex and 
of the two grey nuclei. Whereas, on the contrary, a lesion 
limited to the lenticular nucleus will allow the action of the 
caudate nucleus and of the cortex to continue. 

We can readily imagine the effects of the various combina- 
tions which are likely to occur in this system : lesion of the 
caudate nucleus, of certain regions of the cortex, of both grey 
nuclei at once, with or without participation of the peduncular 
fibres of the internal capsule. 

I do not attach to this theoretical consideration more import- 
ance than it deserves. 1 must mention, however, that it is 
fairly well adapted to the facts revealed in man by clinical 
observation ; moreover, it 16 not opposed, as you will see, by 
Ciiperiments made on animals. 

It has long been known' that the motor disorders which are 
produced in the majority of animals by methodical destruction 
of the various parts of the cncephalon, particularly of the 
cerebrum, as a rule, differ considerably from those observed in 
man, in consequence of lesions occasioned in the corresponding 
parts by disease. 

In the interpretation of these experimental facts and in their 
application to human pathohigy, it is necessary to take into 
consideration, among other circumstances, the more or less 
inferior species of the animal and its more or leas advanced age. 
Thus, the removiil of an entire cerebral hemisphere in a pigeon, 
and h fortiori in a reptile, does not produce any motor dis- 
order comparable to hemiplegia. It is almost the same in the 
case of the rabbit. A barely perceptible weakness of tbeextre- 
mities on one side of the body is, in this animal, the only cou- 
seijueuce of such d lesion; etaudiiig'and jumping are still pos- 
sible when the entire cerebrum has been destroyed, provided, 
howi-vcr, that the pons remains intact.* 

In the dog the results arc very notably different. If I may 

' On thU .abjeol, is* Lonpl, 'Tnut* Jo pby»io!ogie,' t. iit, p. 431, and 
Vulpisn, ' U^n* »UT U phyiiolog!* gjniJnle,' &e., p. 6^6. 
' TnlpUn, Longot. 
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i[M. Carrille and I 
ma which, in thii ' 



rely on the recent experiments performed by MM. ' 
Dnret in M. Vulpian's laboratory, the Bymptoms which, in thii 
tmimal, succeed to the methodical removal of the varioas parte 
of the cerebrum appear to resemble very closely those obser?- 
able in man, in cases of circumscribed lesions of the cerebral 
hemispheres. It is, at any rate, very probable that the simi- 
larity would be still more complete and manifest if the experi- 
ment were made on the monkey. 




1 



Fib 35. — TransverBe Bection of a. dog s cerebrum five millim&tm 
in front of the optic cliiasma. B s nudata nntlei ; L, lentioalar 
DiiuleuB; p, p, peduncular cipaneion (internal capanle) ; C&, optio 
chiasmiL. x, section of the internal ctipanle (anterior or lenticnlc^ 
atriftte rejjion), canaing hemiplegia on the opposite aide of the bodj 
without anicsthesiB. q, Ye^ssi^re a spring atjlet divldiDg the 
internal capeule. 

The following is a brief account of the principal reanlti 
obtained by the experiments of MM. Carrille and Duret;— i. 
In the dog removal of the grey matter in the so-called motor 
regions of the cerebral cortex determines temporary paresis of 
the extremities on the opposite side of the body. 3. Extirp^ 
tion of the caudate nucleus gives rise to similar hut more 
marked paresis ; it has not as yet been possible to effect the 
separate removal of the lenticular nucleus in consequence of its 
topographical position.' 3. If the lesion, on the other hand, 
difficult to arrive at bdj conclusioa from Nothnagel's'experimont^ 
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B the lower part of the internal capsule, there is pro> 
3 in the fore and hinder eitremities on the opposite side 
I of the body not merely simple paresis, but well-marked 
I motor paralysis, similar to the hemiplegia occurring in mao as 
1 k result of lesion of these same parts (Fig. 35). 

When held suspended by the skin of the back the animal 
I tlius operated on can still rest on its sound limbs, but the 
I affected extremities are flabby, inert, and capable only of purely 
I Tcflex movements. 




Fia. 36. — (Both tliis figure and the precMing arc copied from 
the m«molr of UU. CBirille and Duret, irhioli <ru published in 
tlie'&rc1uTe«dephyaioIogie oomi&le et pathuIo)i:iqut',' lS;5, jip. 468 
and 471.) Tmwrene eection of a dog'> eerthrum at tte level at 
the corpora albicanUa. o, O, optio thalami ; t, S. caudate naclei ; 
L, L, IsDticalar naclei ; P, f, poaterior 01 leaticulo-optic ng^on of 
internal capauls ) 1, 1, cornua animoQu. », section of the potteiior 
or lenticulu-aptio part of the cajiaule wuaiLg heuianwathetia. 

In ibort, gentlemen, you see from these Interestiug inquiries, 
which ougbt to be both repeated and extended, that the con- 
tradiction long obserred between animals and man with regard 
to the influeDce of the Tartons parts of one cerebral hemisphere 
over the movement of the extremities ou the opposite side of 
the body — this contradiction, I say— seems no longer to exist 
when, for the sake of comparison, we have recourse to species 
which are relatively highly placed in the animal scale ( Pig. 36}. 

Thi«, perhaps, is a suitable opportunity to remind you that 
wbicli ««ie made bj luesus of caunlic iujeutiuus. Tbese would almost 
aeceaurily have the effect of catuing irritativB pbtnemcoa, which DUt 
mtoinljr niinplicatd the utuation. 
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in the dog also, as these same experiments of MM. Carrilletil 
Duret and those of M. Vey.ssi^re demonatratej lesions of th 
posterior part of the internal capsule produce^ as in nu^ 
crossed hemianaesthesia. 



II. 



The facts jnst mentioned ms,f be utilised^ if I mistake not; to 
explain why hemiplegia resulting from destructiye lenoa 
limited to the substance of the grey nuclei is usually trassiiaji 
whereas that consequent on lesions inTolving the substance iii 
the internal capsule is^ on the contrary, of long duration lii 
often, indeed, absolutely incurable. 

According to the hypothesis suggested, it is readily oonoeif' 
able that the lenticular and caudate nuclei^ and the so-olkl 
motor regions of the cortex, may be mutually supplementaijii 
their functions so long as the conducting fasciculi which tea 
the capsule preserve their integrity and continue to maintiii 
the relation between one or other of the grey centres in qoo- 
tion and the peripheral parts^ whilst this can no longer tab 
place when the continuity of these fasciculi has been decidedl|f 
interrupted. 

I must add that, according to all probability^ a supplementivf 
relation may be established not only between the various gitf 
nuclei, but even between the different parts of the same nudeDi 
It has been shown, at any rate as far as the caudate nueleaiQf 
the corpus striatum is concerned, that partial destructive lesioM 
affecting the most diverse regions of the nucleus are uniforolj 
indicated by hemiplegia which, although transitory^ is more or 
less pronounced and toial, that is to say, involving at once boA 
the face and extremities. In this respect there is no differenfle 
to be noticed between the head, tail, and middle part of tk 
caudate nucleus. Accordingly it appears, as Dr. Hughlinp 
Jackson has justly remarked, that each particle of the corpoi 
striatum is a miniature representation of the entire corpoi 
striatum. Experiment, moreover, yields results in conformilj 
with those furnished by clinical observation, in showing tktfc 
stimulation of parts of the caudate nucleus, however made^ 
always produces combined movements on the opposite side of 
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ibe body, and never diesociated movements, localised, for 
«3CBmpIe, to an extremity or to part of an extremity.' 

Id the cue of a destructive lesion of tbeiuternal capsule alotr 
geDeration of the uerve-elements, on the other hand, might 
•How gradual rc-cAtabtisbmeDt of function. But this work of 
tituttoD, if it docs really occur sometimes, must certainly 
only take place under very exceptional circumstances. It has, 
ideed, been placed lieyoud all doubt by observations which are 
BW very numerous, that focal lesions destroying, to a certain 
ml, the motor fibres of the internal capsule arc almost 
icessarily foLloned by a Tasciculatcd lesion which, commencing 
ttnediately below the focal lesion, may be followed ou the 
iponding side into the foot of the peduncle, the pons, 
terior pyramid to the level of the decussation, and below this 
into the spinal cord ou the opposite side, throughout the entire 
loDgth of the lateral column as far aa the lumbar enlargement. 

This is now, I think, an opportune time to enter into a few 
) details with regard to the pathological anatomy and physiology 
of this tecondary tlnjeneration, or dexcf tiding gelerosif, as it may 
also be called. It is undoubtedly one of the main causes of per- 
Uitcnce of motor impotence in the cases nuderour consideration. 
In my opinion, we must likewise ascribe to it, for the most part, 
the permanent or so-called laic t^oniracturt," which in these same 
eaaea sooner or Inter attacks the paralysed limbs, and usually 
plays the predominant part in the prognosis of cerebral hemor- 
rhage. 

I. Let OS fix our attention, first of all, on the fact which 

really controls this question : circumscribed cerebral leslona, 

considered in relation to the position which they occupy, are 

not all equally calculated to determine the productioa of 

•KrporitncnU of Firrrier. Cirrillc. .th! Duwt. 

b well kn««i> ibBl wo (iro indphtfii In Dr. Todd for wUbU>!iio|t th« 
I tietiTr*n<iir'yand laU cotUraetvre ot tW eiln>raiti«* in apc^leotio 
Tliv finl *\vv* iUolf tmiD tha comiiiotimmKtit. vti is obnait in- 
ly tmuitorjr ; Ihe ulkvr n »»TC«ly s]i|>ar«nl from \\>e fift«eiith to th» 
:Ieth <]*; att*T the aLtBdi. inalwsyiiiiitiiBtrd in tbe CitTMnitin of tbssids 
Oppoaito to tbe WioD, aa<l niuat fr«qiiMit] j b«ron>«« (wniiuMOtlr tstaklisbtd 
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secondary Bclerosis. Accordingly, some of these lesions at 
never followed by descendiug sclerosia, wliilst others ineTit&bl; 
excite them. To the second group belong destructive lesion), 
however small, which involve, according to L. Tiirck's im- 
portant observation, the fasciculi of the internal capsule id thett 
course between the lenticular and caudate nucleus, that is to 
say, in the anterior two thirds of the capsule. On the oUier 
handj lesions which remain limited to the Bubstance of the 
central grey masses, viz. the caudate and lenticular nuclei and 
the optic thalamus, do not give rise to secondary sclerosik 
This remarkable fact was clearly demonstrated by L. Tiirck in 
1851.' M. Vulpian and myself have confirmed its perfect 
accuracy by the investigations which we made in commoQ on 
this subject at La Salp^triere from 1861 to 1866.* M. Bon- 
chard's important labours have likewise corroborated it.' Afta 
Xj. Tiirck, we also observed a number of other facta of no Um 
interest, of which the following is a summary, 

2. Circumscribed lesions situated outside the central mauet, 
in the centrum ovale of Vieussens, if only they jattain certain 
dimensions, also produce descending sclerosis, provided that they 
are not too far removed from the foot of the corona radiata. 

3. Lesions of the cortical grey matter of the hemispheres, when 
very superficial (those, for example, accompanying meningitii 
are invariably of such a nature), do not cause descending 
sclerosis. 

4. On the other band, cortical lesions extensive both super- 
ficially and in depth, or, in other words, involving at the same 
time the grey matter and the underlying medullary substance, 
as seen in cases of ischjemic softening resulting, for instance, 
from obstruction of a large branch of the Sylvian artery (»ee 
Pig 37), these lesions, I say, even when there m no participation 
of the central masses, determine under certain couditiont 
secondary sclerosis as pronounced as that which is dependent 
on lesion of the anterior parts of the internal capsule. 

' L. Tiirck, ' Ueber Secnndare Eriranknng Biniolner Backniiuirt- 
rtringB und ihrer foreetznngen turn Gchime.' — Siteungber. der mathnttiu, 
Cltuw, d. k. a k., 1B51.— Idem IJ. Bd. 1853. 

• A. Vulpian, ' Phvsiolugie du syrtetoe ner»enx,' Paria, 1666, 

* Ch. Bouchard, " Des d^g^D^rations i^condftlret de Is ntoelle ipmin," 
■Ar^Uiv. gfn, de m^decme,' 1866. 
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One of these conditions, which is relative to the seat of the. 
cortical lesion, is of capital importance and demands altogether 
special notice. It follows, as you will see, from my ohserva- 
tions, that extensive superficial ramolliasement (yellow soften- 
ing), when situated either in the occipital or in the posterior 
parts of the temporal or even in the sphenoidal lobe, or, lastly, 
in the anterior regions of the frontal lobe, is not foUoned by 
consecutive fasciculated sclerosis ; whereas, on the contrary, it 




— iKiljffiinin Bofleniog of wrtei without participation of 
the cential mutes. H, circumscribed wea. of aaftfiniiig; i, fiuure 
of Sjlvins ; B, internal oapeule ; t>, lenticular nucleiu ; 7, external 
capenle ; a, claiutmia, There wai well ouirlied detcending Lesion 
in tttis caae. 

ia the rule for this to supervene when the lesion involves the 
two ascending convolutions (ascending frontal and parietal} 
and the contiguous parts of the frontal and parietal lobes 
(Kg. 38)- 

At a subsequent stage I shall reconsider in a special maimer 
this important point, to which, for the present, I merely call 
jour attention. 

5. In short, the seat and extent of the lesion appear to be 
the two primary conditions ; the nature of the change has no 
marked influence. The necessary seat and extent being pre- 
sent, provided that the lesion is destructive, that is to aay. 
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capable of interrupting tbe course of the mednllarj 
deflcendiug scleroBis must follow. Circnnucribed leuotu bm 
bsemorrliage and softening, simple or syphilitic enceji 
occupy in this respect nearly die same rank. This is tut A 
case with certain tnmonrs vhich, doring a loDg period i 
their development, only displace and separate the nm 
fibres without interrupting their continuity. This is tin mm 




Fio. 38. — Large circumBcribed area of cortical softeniiig dotRj- 
ing the ascending parietal, a considerable portion of the aac«n^ 
fTontal, and most of the couvolntions of tbe bland of BeiL lit 
central masse* wure intact. 

why tumours may be found, even in the regions of the ttitB 
mentioned above, as being tbe places of selection, withontA 
accompaniment of secondary fasciculated sclerosis. 



IV. 

With regard to tbe anatomy of fasciculated sclerosis, In 
return for details to the important memoir published hji 
Bouchard. I shall simply remind you now of aome tuM ' 
which our present inquiries lend a special interest : 

(i) In the first place, I must rectdl to your recollection ft 
sclerosis secondary to circumscribed lesion of one eereb 
hemisphere always occupies one half of the system of'fi 
lateral columns. It is more or less pronounced and extenff 
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according to the breadth of the column, but it always invadu 
it» entire length as far as the lower end of the lumbar enlarge- 
ment, and is never interrupted in its course. It is iuvariablj 
dtBCtnding, in the BeuBG that it begina at the level of the affected 
part and extends only belon this point. It cannot be followed 
upwards towards the cortex. Atrophy of one or several convo- 
lutions, or even of an entire hemisphere, which is observed 
when a central focal lesion becomes developed in very young 
iubjects, must not be looked u|>on as due to secondary scle- 
rosis. In this case we are concerned with an arrest of develop- 
ment comparable to the atrophy which, under the same circnm- 
atauces, is presented by the extremities on the side of the body 
attacked with hemiplegia (infantile spasmodic hemiplegia). 

{^) Macroscopic examination alone in cases which are some- 
irhat old and fairly well pronounced, enables us to recognise 
some of the most striking features of the change. Let as 
sapposc the case of an ochreous focal lesion interrupting in the 
left hemisphere the course of the fibres of the internal capsule 
in its middle third. Under such circumstances the foot of the 
cms cerebri on the left side will appear narrower and more 
flattened out than that on the opposite side. Furthermore 
there will be observed a greyish band situated in the middle 
part of the crus,^ which, in an autero-posterior section, will be 
found not to extend beyond the grey matter of Soemmering. 
The grey tint disappears at the level of the pons, but bdow this 
it is again seen in the medulla, where it occupiea the entire 
anterior pyramid on the side corresponding to the cerebral 
lesion. The affected pyramid, moreover, is narrow and 
flattened ; below, the indentations of the bulbar decussation 
ataud out more distinctly than in the normal condition in con- 
aeqnence of the contrast which exists between the healthy and 
diseased sides. Below the decussation the sclerotic change 
must be looked for in the half of the cord opposite to the 
affected hemisphere, and more explicitly in the lateral column. 

The degenerated region appears under the form of a trian- 
golar space of a grey colour, situated immediately outside and 
in Croat of the correspondiag posterior grey cornu. Its siae 

Tb« pocition oocapied hv this buiil t-ariea nccording to the teat of ths 
' n i the more salerioHy the leaoo uf the capmle U aitxiatod. tiia 
■on it appnwdiai the intwukl border of the foot of the |«dtuiel«. 
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progressively diminislies in proportion as the ■ectioni of Ae 
cord are made lower and lower. 

(3) The microscopical examination of suitably hardened ani 
prepared sections greatly assists in the further elucidatioii i 
these facts. 

In the first place^ it furnishes the means of determiuing tk 
topography of the lesion with more accuracy and of deDOt* 
strating its "precise and systematised limitation tothearaof 
the lateral columns. The other white columns and the gRj 
comua remain quite unaffected. At the same time, it miy k 
noticed that the nerve-roots^ both anterior and posterior, u 
well as the meninges, present no trace of degeneration. 

Lastly, microscopical examination shows also the natore d 
the morbid process, and displays the characteristics of a gicr 
induration or sclerosis which differs in no essential point fiot 
that observed in the case of primary fasciculated sclerosis.^ 

(4) It is now time to notice the analogies which exist, fios 
a pathological point of view, between secondary fasdculitri 
sclerosis of cerebral origin and that primary and symmetriol 
fasciculated sclerosis of the lateral columns which I described 
last year in connection with spinal amyotrophies. 

These analogies are considerable, seeing that in both ciiei 
an identical change, that of grey induration, is found localiicd 
in the same system. But there are also differences which ai 
for notice ; thus, in primary sclerosis, the fasciculated lesion ii 
necessarily double, that is to say, it occupies the system of the 
lateral columns on both sides at once, and not on one adi 
only, as is invariably the case in secondary sclerosis^ when the 
circumscribed lesion which was its starting-point is unilatenL 
I must add that it is always much more extensive in tk 
transverse direction, and that there is therefore reason to belieiC 
that, in addition to the cerebro- spinal or pyramidal fibres alott 
affected in secondary sclerosis, it invades the system of spinil 
fibres peculiar to the lateral column. (Compare Figs. 30, 40^ 
and 41, and Figs. 42, 43, and 44.) 

' The extension, in certain cases, of the lesion beyond its usual limits, tki 
inTasion, for example, of the anterior grey comua, which we shall taks iaio 
consideration later on, is incontestablj one of the most decisive arganMsii 
that can be brought forward to establish the irritative nature of the moiU 
pxooess. 
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' FioB. 39, 40, 41. — TraoBTene sections o! tha tptml cord in t 

pttieat who wu affect«d with ieoondu; degenarstion (lateral 

idcniftted KlertMU «oiuecQtiTe l« cerebral leaion), the result of 

"oBTebral lofteDin^, wliicli bad destroyed the opto-striate bodies sn4 

the internal capaale in the right hemiiphere. 

A, wrviosl re^on 1 b, doreal region ; C, Inmbar region. The 
desoending ■clorosiB is seen to occnpj in the oerrical enlargement 
ths cervical part of the lateral column, and to become siiperlioial ID 
the Inmbar region. 




Fia. 43. 



Via. 43- 



Pia. 44. 



Pio. 4a. — Tianirerse section of the ipinal cord throagh the 
middle part at the cerrioJ enlargement. 

Fio. 43. — Transverse section thmngb the middle of the dorsal 

Fio. 44, — TrsnsTerse section through the middle of the tombar 
enlarge meot. 

liastlf , primary sclerosis has a great tendeDCf to eDcroacb 
OQ the adjacent spinal regioDn, either the white fasciculi, or, 
especially, the anterior grey cornua ; secoodary sclerosis, as a 
rule, has no such tendency.' lu this respect there arc, howerer, 

■ The foUoiring arc some more precise details rolntire to the anatomioal 
differenMs which Mist twtween secondary lateral sclercaii and primary amy- 
otrophia Utcral sctenMii. It is fonnd by the examination of hanlened tnns. 
TSTM Motions that, whenever seoondary leleroaa in the mednlia has involrad 
nearly all the Gbrcs of the anterior pyramid, the lesion in the lateral eolunB 
of llie cord only nccnpiei a conpaiatavely limited region. On a tnnsretM 
section made at the cervical eulargemeul, this Utter haa the form of a 
liiangin, with very diitinotly defined tnnrgin*, the summit of which is 
dtJwtDd inwards towards the angle Miiarating the anterior from the postarjor 
fny corDiia,and the base of which, eomewhat rounded off, never resohes ths 
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a number of exceptions wbich are, as you will presently lee^ 
particularly interesting from the point of view with which we 
are for the moment concerned. 

The facts, which we have gradually acquired in the precediBg 
account, enable us to justify the inaugural proposition of tk 
present chapter. We have just shown that firom an anatomieil 
standpoint there exists considerable analogy between the primiiy 
and secondary forms of lateral fasciculated sclerosis. Tla 
resemblance may be followed in the domain of clinical obiervi- 
tion. We know, indeed, that motor impotence^ contractmeof 
the extremities, transitory at first and then permanent, witk 
spontaneous or provoked trepidation, &c., constitate a sympto- 
matic whole, indicating during life the existence of fasdcalsted 
spinal sclerosis which is primary or, in other words, qfok 
independent of any cerebral lesion. 

Now, all the symptoms are reproduced with their essentiil 
characteristics in cases of sclerosis secondary to a cerebral lenoB, 
and constitute the special clinical features of ordinary permanent 
hemiplegia. We may, therefore, assert that between the leflflu 

cortical zone of the cord, and furthermore does not involve the anten^ 
external border of the posterior comu (Fig. 39). 

In the dorsal region, the sclerotic part gradually diminishes in diameter, 
and tends to assume an oval form (Fig. 40). Finally, in the Inmkr 
enlargement (Fig. 41), it is again, as in the cervical region, a triangnlff 
space, but its base has become quite superficial and lies beneath the pi 
mater. 

In primary lateral sclerosis, the sclerotic zone generally oocnpieB the saw 
region as in the preceding case, but its limits are much more eztensiTe. 
Thus, in front, the lesion tends to invade the domain of the anterior iwi- 
zones and, internally, comes into contact with that fascicnlus of nerve-fihm. 
probably sensitive, which constitutes the deep part of the lateral coliuni 
(see Figs. 42, 43, 44). We must add that the limits of the scleiosed pst 
here are diffused and ill-defined. In some cases, they are foond to k 
blended internally with the grey matter. We know that the latter ii 
usually invaded by the sclerotic change in the case of amydtrophic latml 
sclerosis, whereas this is quite an exceptional circumstance in secondiij 
sclerosis of cerebral origin. From the consideration of what precedes, Umr 
are grounds for thinking that secondary sclerosis affects only a part of tk 
nerve-fibres which form the lateral columns, viz. the cerebro-spinal fibnt; 
whilst, in primary sclerosis, there is invasion of the entire lateral syrtcBi 
including, not only the cerebro-spinal and pyramidal fibres, bat f^^^ thoK 
which, havinfif their origin and termination in the cord, are strictly speakiBgi 
spinal. 
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lateral tcUrotia and the phenomenon permanent contracture 
there exists r relation, of which in truth the physiological 
explanation has hitherto completely escaped us, but the reality 
of which is nevertheless based on a large number of observations.' 

In my opinion, neither the retraction of the cerebral cicatrix, 
SB Dr. Todd suggeEts, uor an eucephalitis supervening in the 
neighbourhood of the lesion, as even at the present time many 
authors maintain, are calculated to explain the appearance of 
the BO-c&lled late coutrncture in hemiplegic patients. On the 
contrary, it is necessary to appeal to the existence of a chronic 
myelitis occurring in the lateral column in consequence of the 
cerebral lesion. Whilst abstaining from entering into a formal 
discussion on this subject, I must once more refer you to M. 
Bouchard's work, which has been already quoted. You will 
find collected there all the facts which may be invoked in favour 
of the opinion which 1 hold. 

Originating as a result of a circumscribed cerebral lesion, the 
Mcondary Bclerosis assumes at a. certain period, as you see, an 
existence, as it were independent and autonomous ; it manifests 
ita presence by special symptoms. By reason of this autonomy, 
it may happen that the lesion extends beyond the limits usually 
uaigned to it in the lateral columns and invades the neigh- 
bouring regions of the cord, the grey cornua, for instance. In 
aach a case it is conceivable that important modiRcations might 
flU])erveDe in the symptoms. Hence it is that the muscles of 
the paralysed extremities in permanent hemiplegia, which 
ordinarily preserve their normal texture for a very long i)eriod, 
And merely waste with time, in certain cases undergo more or 
leas rapid degenerative atrophy, whilst simultaneously the 
rigidity caused by contracture again gives place to flaccidity. 
In aereral examples of this kind, M. Pierrct and myself have 
noticed, in addition to the classical lateral sclerosis, lesion of 
the anterior grey eornu on the same side, leading to destruction 
of the large uerve-cells in this region. In tlie same manner, 
invasion of the posterior grey cornua might explain the appear- 
ance of localised patches of omcsthesia in common hemiplegia. 
Lastly, extension of the irritative process, cither to the lateral 

' PeTTiMDont I'ontnwtnK of the *ilr»itiiti«s, as in (rident in thp ciuip of 
hrateno. nisj occur witliout tlie cocxutonoi; of lnt<?ml wjlerosu; but, ahpn 
this lesion i* prM«nt, pormuMDl oontndare is ooe of It* oonstanl i 
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column of the corresponding side in its whole ei^tent, or 
even to the lateral column of the opposite fiidej will doubtleM 
account for the fact that, contrary to ordinary observitioB, 
contracture sometimes greatly predominates, at a certain period, 
in the lower extremity, or even extends occasionally to the 
lower extremity of the opposite side.^ 

V. 

I have spoken hitherto of fasciculated sclerosis of cerebnl 
origin only in so far as it depends on lesion of the centnl 
parts. I would now direct attention for a moment to that 
which is produced in consequence of a lesion of the corticd 
system. Considered as a spinal or bulbar affection, latenl 
sclerosis, in this last case, differs in no way from that whiek 
occurs in the first. The special conditions of deYelopmesft 
alone constitute the difference and demand some fresh details. 

You have not forgotten that we were induced to admit, is 
virtue of a very probable hypothesis, the existence of tBrtd 
peduncular fibres or, in other words, of fibres which, ate 
leaving the foot of the cms, cross the internal capsule withoit 
entering the central grey nuclei, and consequently are onfy 
arrested in the grey cortical matter. In addition to the argu- 
ments already put forward, some experimental facts may alio 
be cited in favour of the existence of such fibres, even in animib 
rather low in the scale, as, for example, in the rabbit. 

Thus, in the previously quoted experiments of Gudden^' irhiA 
were made, as you are aware, on very young animals, we find 
that eight months after the removal of the anterior parts of one 
hemisphere, the central masses, optic thalamus and corpoi 
striatum remaining intact, we find, I repeat, after this mutilation 
that the internal capsule on the corresponding side become» 
atrophied in a remarkable manner. 

It is evident that this atrophy would not take place if the 
internal capsule, as some anatomists maintain, was exclusivelf 
composed of indirect peduncular fibres^ that is to say, of those 
ending in the substance of the central grey nuclei. 

1 On this subject, see Bastian, * Paralysis from Brain Diseases, Act* 
p. 141. London, 1875. 
' * Archiv f. Psycliiatrie,' Bd. ii, 1870, pi. viii. 
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Cftrville and Duret* accidentally discovered in a dog 
which had destroyed the white matter of the entire 
froDtal part of one lobe, without directly affecting either the 
central grey nuclei or the interual capsule. In this case there 
vaa well-marked atrophy of the foot of the crus, of the pons, 
and of the bulbar pyramid on the side correspoudiug to the 
cerebral lesion. In man, the existence of these direct pedun- 
cular fibres seems also to be confirmed by the like production 
of these secondary degeQeratious which, as we have remarked, 
become developed in consequence of extensive and profound 
lesiouB of the grey cortical matter. Are these direct peduncular 
fibres, after spreading out in the corona radiata, distributed 
iudifforeutly towardd all the regious of the hemisphere ; or, on 
the contrary, do they proceed to special departments of the 
cortex? The facts which I have collected with the object of 
investigating this question support the second hypothesis. 
These observations, which have been made in niy wards at 
La Sulpfitriere during the course of the last fifteen years, have 
reference to cases of old ischaimic sofleuiug.' 

In these cases the lesion presented itself under the form of 
yellow softening (plagws Jaunea), more or less extensive in 
area, involving to a variable depth the subjacent white matter 
and occupying the most diverse regions of the surface of the 
hemisphere. It is exprcHsly mentioned in all the observations 
that the ftoFtening had not affected the central masses : — optic 
ihaiami, caudate and lenticular nuclei, and interual capsule. 
My obiervatious may be divided into two groups. 

The first includes the cases in which permanent hemiplegia 
had aot existed-during life, and in which secondary degenera- 
tion was found at the autopsy to be absent. 

In ail, the convolutions supplied by the Sylvian artery and 

particularly the nscundiug frontal and parietal, remained iutact. 

The yellow softening was situated iu one of the following 

L n^ons, viz. some part of the sphenoidal lobes, the lobulus 

L^Mfdratua, the cuuem, one or both occipital lobes in their 

^^^VArchivM Je phyiinlnt^e,' 1875. 

^^^^Rtc majority uf ttiBaeob*«Ttation«ar« arccnipauicd bydnwiagi made from 

^^^Sar« : it u cvidcDt tlint tbaM ooablft oa to give ttia praciie MKt ud extent 

of till! itmon atid, >«R*fquenl1f , Mrve lo compeanate (or the itufurtunateljr 

vary cotnmcia mtufScianoj ■>£ our desoripti 
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entirety, some part of the anterior two thirds of the fronts 
lobes. ,^ i j- 

In all the cases of the secood group there had heeu, on tbe 
other hand, permanent hemiplegia and well-marked secondnf 
sclerosis. The feature common to these cases is that thelenw 
iDTariably involved, to a greater or Itiu extent, one or other of 
the ascending frontal and parietal coaToIutions, principally in 
their upper half, and often both at the aame time. In additka, 
the regions nearest to the frontal and parietal couvolutioiii 
were very frequently involved. 

The figure to which I call your attention shows a beaatifii 
example of this kind (Fig. 45). Ton perceive from wlui 




FiO. 45. — Fo, lai^ circtimBCTilHd orafi of coitic&l loftsniDg 
destroying the ascending pftrietal, a considerable portion of the 
ascending frontal, and most of the conTolations of the uUnd 
of Seil, The central maases were intact. 

precedes, as I had anticipated, that the production of seconduf 
sclerosis, in consequence of destructive lesions of the hemi- 
spherical cortex, appears to be subordinated to the seat occupied 
by these lesions. I must ask you to notice, in conclusion, 
that these departments of the cortical system, lesion of which 
exclusively determines the development of secondary degene- 
ration, correspond to those found by experiment on the monke; 
to accord with the so-called pyschomotor centre** These aln 
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axe the regions in which the grey cortical matter contains the 
largest pyramidal cells. 

The important fact^ gentlemen, which I have just brought 
prominently before you, should be utilised in the investigation 
of localisations in the cortical system of the cerebral hemi- 
spheres ; this arduous task we shall undertake in our subsequent 
lectures. 
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PART SECOND. 

SPINAL LOCALISATIONS. 

[ANATOMY AND PHYSIOLOGY OF THB PYBAMIDAL 

TEAOTS.) 
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ODUCTION. TOPOGRAPHY OF THE SPINAL COED. 
SYSTEM AFFECTIONS. 

hWHASY. — IniroductioH. Progreit of the palholo^ical anaUmg of 
the nervois lyttem. Many nervous diveata are tlill tnaccet- 
tiile to patkotogical analomif. Short hitlorical account of 
locomotor ataxg and diaseminated gcleroaU, which were/or a long 
time looked upon <u neuroect. The ttudy of Unont, with Iht 
aid <^ experiment, fumithet the bans for a phjfaiolofficat inter- 
prelation qflAe morbid phenomena. 

GmetittiCioa of the spinal cord. System lesions ; — pyramidal 
tract [direct and crossed fasciculi) : columns of Goll and of 
Bardaeh. This division of the various parte of the cord 
obtains from the period of its development. Researches of 
Pierret and Flecheig. 

Elementary affections. Cerebral and bulbar localisations. 

OsNTLBUBN, — In conforauty nrith the programme which 

ire laid down, I must treat, duriug this year's course, of the 

itbological auatom)- of the nenrous system. 

In these lectures which now date from seven years ago, I 

kiTC already on several occasions had the opportunity of euter- 

ing iuto some details on varioua points relative to this great 

nibjcct. Seven years ago, for instance, in connection with some 

[Cneral con si deration 3 on ludammation, I gave a patliological 

tketch of spinal sclerosis. The year afterwards, when discussing 

Degeneration and Atrophy, I endeavoured to show the striking 

InBuenee, at that time but little understood, which affections of 

Dertiun parts of the ucrve-ccntres exercise over the development 

|tf various trophic disurden and of muscular atrophy in parti- 

nUr. 

liUtly, in a series of lectures four years ago, I tried to prove 
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that the anatoino-clinical method enables us to establish on i 
solid basis the doctrine of cerebral localisatioo in man. But in 
short, gentlemen, these various subjects were always broacbed 
quite incidentally, and simply as elements to be employed is 
the solution of more general questions. Moreover, in spite of 
the interest attached to them they are really only cpisodo 
in the pathological history of the nervous system. It occurred 
to me that at the present time it would be advantageou 
to examine separately the facts which compose this hiatoij, 
and subsequently to consider them as a whole. The time, 
moreover, seems favorable to undertake this study. 

Unlimited material, bearing on these questions, which wit 
distributed in various publications, has beeu laboriously oA- 
lected in the course of late years. At a certain period, then 
was experienced in every country the necessity for a classifica- 
tion, with a view to introducing these facts into general know- 
ledge. Accordingly there have appeared lately, both abroad 
and in France, several large monographs and even formal trea- 
tises specially devoted to the pathology of the nervous system. 
In these works recent observations invariably hold an honor- 
able place in relation to those of older date, or often, indeed, 
occupy the foremost rank. 

A glance at these books will enable you, gentlemen, to 
recognise the indications of undoubted progress, and to observe 
that a large share in the accomplishment of this advance is due 
to pathological research, which has been turned to greater 
advantage by the use of improved methods of modern histology. 
To-day, gentlemen, I would dwell a moment on this point, 
because it particularly concerns us by reason of the special 
nature of our subject. The account about to be given will not 
be a formal history, but merely an introduction or summary, in 
which the leading points of some of the principal results obtained 
will be considered. In our progress we shall probably succeed 
in disengaging the dominant idea which seems to have inspired 
these works. 

I. 

In the first place, since misconception on such a subject ii 
very detrimentalj it is necessary to recognise the actual eiist- 
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lOtwitks tan ding all efforts, of a considerable namber of 
;ical conditions evidently situated in the nerrous si;steni, 
leave do matfriul or appreciable trace on the cadaver, or 
most only display tritling and inconataLt lesions, incap- 
of cKplainiDg in every case the main facts of the morbid 
dratoa. Such, for example, are tetanus nnd hydrophobia. The 
old group of ueuroses, although considerably curtailed ia several 
fOtota, &till exists well-nigh inaccessible to the pathologist. 
True epilepsy, paralysis agitans, the most inveterate forms of 
liyateria, and, lastly, chores, sphiDi-like still defy the most 
minute anatomy. 

At the outset, then, we are constrained to confess that, in the 
domain of n euro- pathology, pathological anatomy ia only 
directly applicable to a certain number of morbid states. 



II. 



But let ua take matters as tbey stand, and consider only the 
|Kthological conditions in which the constant existence of a 
Btatcrial Ie»ion has been well and duly noticed. The held, thus 
limiteO, will still be of considerable extent. It has been often 
■aid that the progress of pathological anatomy and that of 
pathology proceed pari pasti. This is doubtless a general 
truth, but it is especially applicable as far as diseases o( the 
nervous system are coucerued. A few examples will suffice to 
prove that the discovery of a constant lesion in diseases of this 
kind is a result of great moment. 

The description given by Duchenne (of Boulogne) of the 
•jrmptoms of the affection which he has called locomotor ataxy, 
it incoutestably oue of the most realistic and striking accounts 
extant. It is a veritable masterpiece. How much hesitation, 
Boreover, prevailed in the minds of practitioners until the time 
-when the lesion first described by Cmveilhler was, by the 
researches of MM. Bourdon and Luys, referred to the clinical 
type! Some authors, indeed, still thought that the affection, 
in its origin, might be a neurosis. All doubt was dispelled 
when it was discovered that the spinal lesion is perfectly orga- 
nisod and easily recognisable lu the early stages of the com> 
plaint, although aa yet it may only reveal its presence clinically 
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by a few fugitive and scarcely appreciable symptoms. OpktU 
moscopic examination^ which in a manner corresponds to a 
anatomical investigation made during life^ in demonstrating tk 
existence of grey induration of the optic nenre often muf 
years before the development of other tabetic symptoms, sM 
corroborative evidence in the same direction. The lesion tka 
is always present in some degree. It is not wanting in Aos 
exceptional or abnormal varieties which are so moltifonn, wl 
so different from the normal type. Its constant pnsseneeki 
enabled us to confidently connect these forms^ the number ol 
which seems to increase every day, with the regular type, wUA 
was alone indicated in Duchenne's classical description, lb 
development of our knowledge relative to the disease knows l; 
the name of disseminated sclerosis or muUilocular indimUimi 
the nerve-centres furnishes considerations of the same nstom 

The disease in its classical type was but imperfectly iuid» 
stood until it was referred to the cerebro-spinal lesion. Ik 
regular form is rare^ the abnormal varieties^ on the oontnij, 
are frequent and numerous. It was only possible to ally then 
to the type from which they differ clinically^ because patb* 
logical anatomy served as the connecting link. In the ena- 
pies, to which I have just called your attention, the interventioi 
of pathological anatomy — and this is what I have been snxiov 
to place in relief — presents a purely practical bearing. 

The main point in question, as you will have remarked, ii to 
supply nosology^ for the purpose of resolving complex va^eti0^ 
with more pronounced, more decisive, and, if I may nse tk 
expression, more material indications than the symptoms thea- 
selves. No speculative idea intervenes, and we scarcely attenjiC 
to understand the nature of the bonds which unite the lesions t« 
the external symptoms. Without disparaging, gentlemen, tk 
results obtained in this direction, it is certain that at the present 
time the study of lesions may be adapted, without any loss to in 
practical importance, to another point of view, and lay claim to 
higher and in some respects more scientific aims. 

In other words, it may, with the assistance of experimental 
data, furnish the basis of a rational or, what is synonymonSjOf 
a physiological interpretation of the morbid phenomena. 
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lis I should like now to illustrftte to you by a few sign: 
Cant esamplea, selected from the results recently introduced 
into the pathology of the uerve-oeDtres : cerebrum, medulla 
oblongata, and spinal cord. By reason of its comparatively less 
cxtrnplcx conatitutiou I shall begin with the last-named. 

A. The anatomy oTthe spinal cord, as seen uuder a lov mag- 
nifjdng power, exhibits in the normal state, as you are aware, 
• relatirely simple constitution. A transverse section of the 
lower cervical region shows an axit of grey matter surrounded 
bjr the white substance.' 

In the grey matter you notice: — (i) The anterior cornua 
with the so-called motor cells and the origin of the anterior 
roots; (i) then the posterior cornua to which the posterior 
roots proceed. Lastly, you see that the cornua are counected 
one to the other by a commissure. 

In the medullary $ubilance, which is formed by a number of 
nerve-tubes having nearly everywhere a lougitudinal direction, 
two regions are to be distinguished: — (i) The antero-latcrai 
columns, limited by the anterior (issurc and the posterior 
lateral fissure ; {i) the posterior columns, limited by tlic com- 
missure and the posterior cornua. We can scarcely take into 
eonsideratioD the space marked off by the intermediate posterior 
Gatares. 

B. As regards the analysis of the functions of the various 
white fasciculi and the differeut parts of the grey matter, the 
ex])erimeutal method has uot materially modified the facts of 
descriptive anatomy. It has demonstrated the peculiar pro- 
perties of tlie aiitero-lateral columns taken as a whole,* uf the 
poatcrior colnmns, of the two great regions of grey matter, 
and beyond that it has uot gone much further. 

c. The methodical iuvcsti|;ntiuu uf pathological lesious, as yoa 
are about to see, has shown that the constitution of the cord ia 
really more complicated. A great fact, gentlemen, governs tlte 

' Tbcwliite mutloruf tliu (ipinal oord i* oCleu called lli« numfeati bj 
Ptvnch writ«n (lit«nll^ cloak), in oppositioD to, the c«ntnl grey iiistt«r. 
— ("hMuktor.) 

' 8»e. hawsvsr. Wonxeh Hog's work. 'Stch*. AeaJsm.,' rtc Lciprig, 1875. 
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anatomf of the «pinBl cord. It is the widely disbibated cut- 
ence in this domain of the so-called tyiiem letioru. 

Bj this expression, which is borrowed from M. Vulpiii^ 
works, we mean to designate lesions which are strictly Ibnibi 
to certain well-determined parts of the organ, without innliiif 
neighbouring regions. 

I place before you a kind of topographical plan, showing th 
various regions liable to be a£Fected by the system lesions^ litk 
which we are as yet acquainted (Fig. 46). The postens 
columnSj which are considered in physiology as forming a whol^ 




Fio. 46. — A, A, lateral colnmns ; if, colnmm of Torek ; a, 6, 
poaterior root-zonea ; C, C, posterior comna ; D, D, anterior eonma ; ' 

F, anterior root-zone ; b, colnnins of Qotl. 

are, on the contrary, clearly divided by pathological 'anatoo^ 
into two very distinct parts. Thus, the parts adjacent to tbt 
posterior fissure, viz, the columns of Ooll, may be affected 
separately. Sometimes lesions involve the region of the pott^ 
rior columns which lies nearest to the posterior comua, thatii 
to say the radicular (Pierret) or cuneiform (Burdach) faacicoE 
The antero-lateral columns may be subdivided iu the same 
way. Thus, as a consequence of cervical lesions in a certsia 
position, a well-defined lesion makes its appearance in the aate- 
rioi part of the antero-iateral columns, close to the mediin 
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fiasnre. The lesion afTccts a bundle of 6brea (scarcely, if At bII, 
erident in the norms4 state) which extends from the medulla 
to the dorsal region. This is the column of Tiirch, or direct 
pj/ramidal tract, lesion of which is always accompauied by one 
rtf the same nature situated in the posterior part of the lateral 
column on the opposite side in a certain fixed region, the pre- 
cise limits of which we shall have to examine. This apace 




FlO. 47- — (After Flechoig). tpd. Jirwt pyramiibl tnwt; p/, 
lonto] pait of Ul«r»l cloumii i ted, direct cernbelliu tnct i 
:, croMcil pjruuiikl tnct ; rr, jxaterioT nwl-Eono ; ra, culunm 
Ooll. 

eomspouds to the croited pyramidal tract. Between the base 
of the triangle, representing the section of the crossed pfra- 
midal tract and the pia mater, there exists on each side a space 
which, in sach a case as the prescut, remains intact, at any rate 
u4the cervical rt-giou. Tbiaitpace corresponds to the transverse 
section of tbc direct eertbtUar tract (Flechaig). This latter 
alao liable to be affected sy^^tematically. 

We ar« aa yet nnacquaintcd with any iDstaQcea of lesions 
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involving the region which sorroundB the anterior oomna, and 
which alone maintains its normal condition^ when the antenh 
lateral^ columns have undergone morbid change. • This regitm 
has received the names of anterior root-zone (Pierret) and 
fundamental region of the lateral columns (Flechaig). 

We must add that^ so far as the grey matter is ooncemedi 
there is quite a series of lesions^ acute^ chronic^ and aahacate, 
which are characterised by being systematically localised in the 
anterior grey cornua^ where they necessarily involye the strae- 
ture of the large motor nerve- cells. 

You see^ then^ that the old posterior columns are decom- 
posed by pathological anatomy into two secondary fasciculi, and 
that the old lateral columns are divided into three secondaij 
tracts. 

(d) But do these fasciculi^ which may be aflfected separatdj 
in disease by a kind of selection^ correspond to so many regions 
or distinct anatomical systems which are at the same time 
endowed with special functions? This seems to be now placed 
beyond all doubt^ on the one band^ by the deyelopmental 
anatomy of the spinal cord^ and on the other hand^ by the stodj 
of the symptoms which clinically reveal these system lesions. 

(a.) Let us now take into consideration the first point. The 
question is not one of early development corresponding to the 
embryonic period, but of the development of the cord in the 
mature foetus or rather the newly-born child. According to 
the very important investigations of Flechsig and Pierret, to 
which now I shall merely allude since they are to be the object 
of a special account^ all parts of the cord are not defiuitelj 
constituted when the child is born. 

Thus, on the plate by Flechsig which I pass round and which 
has reference to the cord of the recently-born child^ you will 
notice the following peculiarities: — All the parts stained black 
have undergone development^ the axis cylinder being surrounded 
by its myeliue-sheath. The undeveloped parts, by reason of 
the mode of preparation, remain, on the contrary, quite clear, 
because, although the axis-cylinder exists, the myeline-sheath is 
still wanting.^ What, then, are the parts which have remained 
clear ? 

By a coincidence which cannot be fortuitous^ they are in 

* Action of osmio acid. 
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feet tbe same cros§ed and direct pyramidal tracts in the antero- 
laierai columns, whicb are sometimes separately affected by, 
disease. 

According to Plccliaig's researches, as we shall sec at a later' 
stage, these fasciculi are in direct relation with the motor rcgioDS 
of the cortex. But again, these identical regions in aiiimala 
which, like man, only possess automatic life at birth, are not 
yet developed. It therefore follows that the pyramidal tracts 
may be considered as a kind of commissure connecting the parts 
of the cerebrum which preside over voluntary motor determi- 
nations, with the parts of the cord which control automatic life. 

This topographical plan (Fig. 47) represents with sufficient 
accuracy Flecbeig's researches on this interesting subject of 
the successive developmcut of the spinal fasciculi. \tm can 
satisfy yourselves that it coincides in every respect with the 
plan which we have employed to indicate the seat of spinal 
lesions (Fig. ^6). 

It will then be apparent to you that the spinal fasciculi whicb 
are affected by system lesions and consequently endowed with 
pathiihifical autonomy , are identical with those, the independent 
existence of which has also been demonstrated by the study of 
development. 

(b.) From the preceding considerations it has become more 
than probable that these same fasciculi arc also endowed with 
Junctional autonomy. In order to solve this question, apjieal 
must be made to clinical fact?. Observations are made during 
the patient's life, and, after death, anatomical investigation 
is pursued confuruiably to prescribed methods. 

Be good enough to notice that in this case, which wc presume 
to have reference to system, that is to say to clearly d(;6aed 
lc»iuDs, we arc placed under those ideal conditions at which 
the experimenter aims in hta attempt to reproduce lesion of 
the parts supposed to possess the special functions he is cndeo- 
Touring to analyse. We may indeed assert that, in this par- 
ticulnr case of the spinal cord, the well-nigh iusurmountahle 
difficulties encountered by the experimenter uudergo natural 
solution by system lesions. It is impossible for the most 
skilful operator to remove the entire length of a spinal fnscieulus; 
it is, moreover, an operation which the animal would not 
Bunrive. Again, it is icarcely possible to siugle out the anterior 
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comua in the substance of the cord, with a view to destroy- 
ing the masses of microscopical nerve-cells contained in 
tbem. 

All theae distinctly circumscribed alterations are occasionall; 
produced bj disease. 

I must add that system spinal lesions are most commonly 
developed in a chronic manner, and that their symptomatology 
is not as a rule complicated by those secondary effects on 
adjacent parts, which are almost necessarily occasioned by 
traumatic experiments, and which make a physiological analysis 
of the morbid phenomena so difficult under such circumstances. 
But these phenomena which we are endeavouring to analyse — 
and this, gentlemen, leads us directly to pathology, — really con- 
stitute the symptomatology peculiar to each of the lesions under 
investigation. Subsequently, I shall have to show you that 
this symptomatology diflfers widely, according as the lesion 
involves the pyramidal tracts, the cuneiform fasciculi, the 
anterior grey cornua, and also accordiug to the kind of lesion 
affecting the fasciculi. 

For the moment, I shall merely call attention to the faot 
vliich 1 consider of primary importance in spinal pathology; 
it is that the system diseases we have just alluded to must be 
considered as so many ekmentary affections, the accurate know- 
ledge of which must be applied to the elucidation of more 
Complex, non-system ad'ectiona or, in other words, to those 
whose anatomical distribution in the cord is diffuse and irre- 
gular. Analysis directed conformably to these principles has 
not yet furnished all that was anticipated. Nevertheless, I 
believe 1 am not mistaken when I assert that it has played an 
important part in the progress recently accomplished in the 
pathology of the spinal cord. 

I find myself obliged to postpone until the time when I shall 
treat these matters in detail, some considerations which I was 
desirous of submitting to you to-day, concerning hcalisaliont 
in the medulla oblongata and cerebral hemiap/teres. 

Time presses and I must conclude. If I have succeeded in 

placing the inquiries relative to the morbid anatomy of the 

nerve-centres in their true light, you cannot have failed to 

recognise the great tendency which runs through tbem. They 

1 appear, as it were, governed by what might be termed the 
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Spirit of hcalisation, which^ in shorty is but the offspring of the 
spirit of analysis. 

The idea of localisation is certainly no novelty in patho- 
logical anatomy. It is^ indeed^ as old as that science itself^ 
although Bichat was really the first to clearly formulate it and^ 
at the same time^ demonstrate its scientific importance ; but it 
had never^ perhaps, been prosecuted in a methodical and logical 
manner before his time. 

Briefly^ what is meant by the term to localise ? In patho- 
logical anatomy^ to localise is to determine in the organs and 
tissues^ the seat^ extent^ and configuration of material or pal- 
pable changes ; in pathological physiology^ it is to establish the 
connection between the functional disorders noticed during life 
and the lesions revealed post-mortem, by utilising the facts 
derived from clinical observation and experiment. 

In the course of our studies both these topics will very 
frequently present themselves and will be the object of equal 
attention on our part. For, gentlemen, I repeat, we must 
become acquainted not only with contemplative pathological 
anatomy, by studying the lesion in itself and for itself, but 
also with pathological anatomy as applied to nosology and 
clinical medicine or, in a word, as adapted to the solution of 
all pathological problems within its province. 



LECTURE II. 
THE PTBAMIDAL TRACTS AND THEIB DEVELOPMENT. 

SuMMABT. — System affectioM of tke spinal card correspond to uamd 
anatomical topography, as illustrated by pathological anaiamf, 
clinical medicine and developmental anatomy • 

Researches of Parrot, Schlossberger, and Weisbaeh. IneompUk 
development of the cerebrum in the newly-born cAUd. Pre- 
dominance of reflex acts. Observations of Soltmann and 
Tarchanoff on the cerebrum of recently-born animals endowed 
with voluntary motion. At birth the human cerebrum is almost 
an indifferent organ. 

Crossed pyramidal tracts. Direct pyramidal tracts (^columns oj 
Turck). Their course in the various regions of ike spinal cord 
and in the medulla oblongata. 

Decussation of the pyramids. Different types of decussation. 
Importance of a thorough acquaintance with these types in 
interpreting pathological facts. 

Gentlemen^ — I venture to hope that a primary fact has been 
evolved from the account which I presented to you at our last 
meeting. I refer to the existence^ in the domain of spinal 
pathology^ of a certain number of diseases having this remark- 
able feature^ that the lesion on which they depend is located in, 
and if I may be allowed the expression, quartered upon certain 
well-defined regions of the cord; that these diseases^ in a 
manner^ constitute so many elementary affections^ an accurate 
knowledge of which must supply invaluable data for the eluci- 
dation of affections which are more complex or, as regards 
anatomy, non-systematised. These elementary or system 
affections, however you may term them, ought logically to 
engage our attention first. But before considering this subject, 
gentlemen, I wish to show you that certain information derived 
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from normal anatomj enables us to recognise as so many 
parts, anatomically and physiolo^cally distinct, those identical 
regions which are also marked off by pathological anatomy and 
clinical observation. This I have already demonstrated to you 
by means of a diagram. To-day, I shall resume and treat thia 
matter more fully, so that you may obtain more detailed 
ioformation with respect to the subject which is now especially 
nnder our consideration. 

You are aware that this information is to be sought for, not 
in the anatomy of the adult which in this respect gives us very 
iDSuiGcient data, but rather in developmental anatomy. 

I must likewise remind you that, for the purpose we have iD 
view, it is not necessary to revert to early or embryonic develop- 
ment, but that it is sufficient to consider the anatomical con- 
dition of the various parts of the neuro-axls as it exists in the 
. aewlj-boru child. 

^^^7 It has long been observed, gentlemen, that whilst the 
■ptaal cord and medulla oblongata of recently-born children are 
ftlready in an advanced stage of development, this is far from 
being the case as regards the cerebrum proper. 

Bichat remarked that the brain of the young child bears but 
little resemblance to that of the adult, except in its external 
configuration ; and it is now a matter of common knowledge 
thu its main structural details arc barely outlined at this time. 
According to M. Parrot's description, which has now become 
cUaeical, the cerebrum at this period of life ia a soft organ, of 
s nniformly grey colour, the grey and white matter being 
intermingled. When a fragment of this nerve-pulp is crushed 
and rubbed between the hands, the sensation imparted is that 
of a gelatinous or pasty mass. Histological examination and 
chemical analysis have yielded results which, in great measure, 
eiplaiu these macroscopical appearances. 

The connective tissue, or, as it is otherwise called, the 
aeoroglia, predominates everywhere; the reticulum is homo- 
gencons and less distinctly fibriUated thau in the adult. The 
cellular elements arc present in large numbers, aad their proto- 
.^aamic substance (as MM. Parrot and Jastrowitz have shown) 
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contains, even phrsiolc^cally, a certain smoant of granulir 
fat. On the other hand, the nerve-tabes are almost uniremllf 
absent, or, at any rate, barely represented in ontline. Th^ 
may be seen scattered here and there, under the form of UB- 
cylinders not yet enveloped in their myeline-shesthi. 7k 
chemical constitution corresponds to this anatomicBl cooditiaL 
The analyses of Schlossberger and T\'eisbach hare shown, ftr 
example, that the proportion of water in the centrum ovale a 
represented by 92*39 ; in the cerebellum and pons Varolii br 
8j'77 ; and in the spinal cord by 84*38. 

The proportion of water, then, is precisely in the invene 
ratio to the histological development. 

To sum up, therefore, the structure of the cerebrum in tk 
newly -bom child is still, as it were, in a rudimentary conditun, 
whereas the medulla oblongata and spinal cord already present 
the characteristic features of the adult state. 

B. A glance at the physiology of the young infant leads to 
considerations of the same kind. Virchow, reviving an opinion 




Fio. 48.— Cervical region, rpd, direct pyramidal tract; ipe, 
crosBed pyramidal tract. 

previously stated by Billard, remarked that the life of the 
nervous system in the newly-born child is, in a manner, 
exclusively concentrated in the medulla oblongata and spinal 
cord- 
It is almost certain that voluntary determinations are at that 
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time absent, and tliat such acts as are accomplished, boweror 
complicated they may appear, suctiou, for example, are purely 
{ostinctive, and, in a word, of a rtflex nature. 

Soltmann's recent experiment*, which have been confirmed 
hy MM. Rougct and Tarchanoir, tend in the same direction, 

tn adalt animals, contrary to the teaching of the physiology 
often years ago, electrical stimulation of the so-called psycho* 
motor regions determines morements of the extremities or other 
{lartB of tbe body on the opposite side ; and destruction of 
these same regions prodaces a more or less pronounced con- 
dition of paresis in those same parts, which had previoualy 
been made to move under the influence of irritation. 

Nov, gentlemen, the result of Soltmann's experiments is 
that these excitable parts of the cerebral cortex have as yet 
no existence in the young of animals nhich are born blind, 
and which, as in man, are deprived of voluntary dctcrmina- 
turns. Such are the rabbit and the dog. Whereas, on the 
contrary, these excitable regions or motor centres, according 




Tin. 45. — Lumbal reginn. F^jt. crowed pjrsinidal trsi-t. 

to TarchuiofTs observations, are already in existence in animals 
wliich arc born with open eyts and whicli are endowed with 
Tolantary movement. 

According to these same resenrclies, the cerebrum of these 
knima]s presents also a histological development and a chemical 
coostitution, which dliTer little from the condilion of the adult 
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It may not be devoid of interest to observe incidentally 
these facta of an anatomical and physiological order have thdr 
counterpart in the pathology of the newly-born child. Itis, fw 
instance, well known to all authors, who have made a particular 
study of the pathology uf this period of life, that even the 
gravest cerebral lesions do not reveal their presence by any 
special symptom ; as a matter of fact, they remain latent and 
cannot be diagnosed. This is the opinion of Professor Parrot, 
and it is based on cerebral lesions discovered after death ; such 
are circumscribed and diffused white and red cerebral softemngi, 
intra- en cephalic haemorrhage, meningitis, &c. 

You see, gentlemen, that the cerebrum at tfais age has, aj 
yet, no existence ; it is, from the triple pointof view, anatomical, 
functional, and pathological, an indiSerent organ. 
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The preceding considerations have, at least, served to mark s 
contrast. It ia, indeed, a matter of common knowledge that 
the spinal cord of the newly-born infant is in a much more 
advanced stage of development than the brain, so that in some 
respects it approaches that of the adult state. The same ia true 
of the medulla oblongata. Nevertheless — and this point it ii 
necessary to make prominent — the orgauisation of both theie 
parts of the neuro-axis is still very imperfect. 

To convince yourselves of this, cast a glance at the figuei to 
which I have already called your attention, and recall to mind 
the ready method used to demonstrate the differences existjng 
between the developed and non-developed parts. 

The osmic acid, as I told you, is fixed by the myeline of tic 
developed nerve-elemeuts. Now, on tiiis section of the spinal 
cord you perceive that four very well-defined fasciculi are 
respected by this reagent, which is equivalent to saying that 
these fasciculi are still undeveloped. They are: (i) the two 
so-called direct pyramidal tractt ; [i] the two crossed pyramiM 
tracts. 

These strands, indeed, correspond to the regions occupied hy 
lesion in one of the most interesting forms of those system 
affections which we propose to study in detail. It suffices ti> 



I noil 



DEVBLOPMBKT OP THE PTBAMIUAL TE4CT8. 



call yoor attention to the interest attached to the anatomical 
inrestigatioD of these fasciculi. 

They do not belong exclusively to the epinal cord, but their 
course and principal anatomical relations may be followed in 
the medulla oblongata, crura cerebri, and interior of the 
hemisphere. We shall be guided in our description by the 
researches commenced in Paris by M. Fierret, and especially 
by those of Flechsig. Lastly, we shall utilise M. Parrot's 
investigations, which were based on about a hundred observa- 
tions, the results of which are to be communicated to the 
Societe de Biologic to-morrow. 

(i) Let us then examine, gentlemen, the course pursued by 
these four pyramidal tracts. I shall begin, with your permis- 
sion, with the crossed fasciculi {Pigs. 48 and 49). 

Immediately below the decussation of the pyramids they 
occupy a position from which they do not depart, so that they 
may be followed to the lower part of the spinal cord as far as 
the second or third sacral pair. They are situated throughout 
this large extent in the posterior half of the lateral column, 
where they are represented by a compact fasciculus of trian- 
gular form in contact posteriorly with the substantia gelatino«a, 
whilst internally a small space separates the summit of this 
triangle from the formatio reticularis. The base of the tri- 
angle, which is directed outwards, is separated from the pia 
mater by a zone of nerve- matter, forming a kind of mantle, 
which is composed of the direct cerebellar fasciculi. 

But this disposition is found only in the upper half of the 
cord ; below the dorsal region the cerebellar tracts become less 
marked, and, in the lumbar region, where no trace of them is 
left, the crossed pyramidal tracts are in contact with the pia 
mater. Ou transverse sections the diameter of these triangular 
fasciculi is seen to diminish regularly from above downwards, 
as though their component fibres had been used up|on the way, 
but it is especially at the cervical and lumbar enlargements that 
this diminution in diameter becomes most appreciable. 

(2) As regards the anterior or direct pyramidal tracts, also 
called the columns of Tiirck, they are situated on the inner 
aspect of the auterior columns, and preaeut an ellipsoidal form 
to the large an tero- posterior axis. As a rule, they may be fol- 
lowed as far aa the middle of the dorsal region, but.to this 
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arrangement there are numerous exceptions. Sometimei iitj 
do not go beyond the cervical region, sometimes^ on the (Att 
hand^ they descend down to the lumbar region. 

These four tracts are composed of fibres parallel in diiedio^ 
and when developed they contain nerve-tubes of all sixes. Hot 
are they disposed at their extremities ? Since their diamete 
diminishes in proportion as they descend lower into the oni 
we are justified in concluding that their component nerve-fibn 
are successively arrested in their course. The anterior gnf 
comua are naturally indicated as being the point towards whiA 
these fibres converge. But do they penetrate the anterior rooti? 
No^ for the anterior roots and nerve-cells are fully devek^ 
when the pyramidal tracts are not so. Neither do they pis^ 
at least for the most part^ into the' commissures^ which htre 
likewise attained their development. Therefore they iR 
arrested in the anterior grey matter, where they probably enter 
into relation with the large motor cells. 



III. 

We must now try, gentlemen, to follow the course of the 
pyramidal tracts above the cord. In the first place^ it is voj 
easy to see that the spinal pyramidal fasciculi are simply a 
emanation or prolongation of the bulbar pyramids. On t 
transverse section of the medulla through the middle of the 
olivary bodies, we immediately recognise the position and rdi- 
tions of the pyramids, and we observe that certain parts of tk 
medulla have already reached an advanced stage of developmeat 
Such are the nuclei of the hypoglossal with its intra-bnllMr 
filaments and the whole extent of the antero-lateral fssdcoE. 
Now, each of these pyramids gives origin to two spinal bundle^ 
one direct, the other crossed. The direct fasciculus desoendi 
in the interior of the corresponding anterior colunm ; the otheii 
or crossed fasciculus, decussates with its fellow on the opposite 
side, and proceeds to the posterior part of the antero-lsUnl 
column, where it has the relations we have already indicated. 

In this manner is efifected what is generally designated fle 
decussation of the pyramids, all the peculiarities of which aie 
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described at leogth in classical works. But it is not so Tell 
knowD that this decussation of the pyramids is subject to very 
anmerouH variations, at least to judge from Flechsig's obserra- 
tiODs, which embrace some sixty cases. 

The varieties iu question may, however, according to Flechsig, 
be reduced to three types. 

Tbe^first type is the most common (75 p.c). It consists in 
lymiDetncal semi-decussation, each pyramid supplying a direct 
Bad crossed bundle. In the great majority of cases, the direct 




f'Aos. go and 51 {after Fleehiig). — a, | rodcmtnanoe of tbo 
t i^miiildal tract, b, typ« of tital ^eitUMlion. The direct 
midol tract U abMnt. 

less important than the crossed fasciculus, and is repre- 
by from 3 to 9 p.c. of the pyramidal fibres, whereas the 
fasciculus contains from 91 to 97 p.c. of these fibres, 
ttiiere is a very interesting modification of this type, which 
itioQcd by Ftcchsig, and which has also been observed by 
On merely reversing the proportions I have just 
tbe direct fasciculus is then represented by about 90 p.c. 
total number of fibres, whilst the crossed fasciculus cou- 
Only 10 p.c. The number of decussated fibres in such a 
ease is, therefore, so insignificant that they need scarcely be 
takea into coniideratiou. 

You will perceive, gentlemen, the great interest of cases of 
this nature, from the standpoint of direct cerebral paralysis. 
By this wo mean, as you are aware^ paralysis which, contrary 
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to rale, takes place on the same side as the lesion. The exist- 
ence of this paralysis is incontestable, but is certainly less fif^ 
qnent than has latterly been maintained. 

The two hundred cases which have been pot forward might, 
even in the absence of certain theories, be considerably reduced 
if subjected to criticism. Nevertheless, some carefully recorded 
observations are not open to doubt ; such are those of Brown- 
Sequard, Callender, Hughlings Jackson, Reynaud, and seme 
others. 

To explain these cases, Longet's theory, which assumes tbt 
under such circumstances decussation is absent^ is generallj 
invoked ; but this was a pure hypothesis on his part. Indeed, 
anatomists have always considered the decussation of the pyra- 
mids as an absolutely constant occurrence. For example, M. 
Serres asserted that he had examined eleven hundred subjecti 
without discovering a single exception to the rule. This opinion, 
gentlemen, as Flechsig's researches prove, seems to us mock 
too absolute. In many cases, if the decussation is not poo- 
tively absent, it may, as I have said, be represented only br 
such a limited number of fibres that we may disregard h 
entirely ; the direct then far outbalances the crossed fkscicalii 
a circumstance quite sufficient to explain direct paralysis. 

The second type was noticed eleven times in a hundred caset. 
The decussation is total or, in other words, the direct fasdciili 
are completely absent. 

The third type is more frequent than the preceding, since it 
is present in the proportion of 14 p.c. It might appropriately be 
termed the asymmetrical type. In such a case there are 
only three bundles ; one of the pyramids divides into two £tt- 
ciculi, the direct and the crossed ; the second pyramid, on the 
contrary, undergoes complete decussation. 

Lastly, gentlemen, it remains for me to point out the remark* 
able compensatory relation which exists between the two tracts 
proceeding from the same pyramid, as regards the cases to which 
1 have just alluded. 

The more voluminous the one the more slender is the other, 
and inversely. It is evident that asymmetry in the cord will 
result from asymmetry in the decussation. This fact it is im- 
perative to bear in mind, since we are liable at first to ascribe 
it, in certain cases, to a pathological condition. 
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^UKMABT. — Gmtinuation of the pyramidal tract abope the medulla 
oblongata. Courie in tie pom and crua cereM. lU extent in 
the lower lager of the peduKcli!. FUckti^i opiniont. Relatively 
early development of the pyramidal tract in tie peduncle. 
Sisiiion of the internal capmle, on horizontal teciiont, into tArM 
regione : anterior andpatterlor teymenli and knee of Ike captule. 
Loealiaation of the pyramidal tract in the poiterior ifymfnl of 
the internal capsule. The pyramidal tract in the centrum 

ovale. Parrots cAromoloyieal oieervationa. I^rma/ion of the 

(andie loop. Of all the cortical parte of the hemisphere tht 
0-eaUed motor regloui are developed Jtrtl. 

QiNTLEUEN, — In the last lecture, basing our remarks mainly 
on Flcchsig's researclies, as veriliL-d by uur own obscrvutione, 
we succeeded iu exhibiting the topography of the pyramidal 
tracts in the various regions of the spiual cord, and in indicating 
the relations which they hold with respect to the other consti- 
tuent parts of this exceedingly complex organ. Afternards 
we ascended beyond the decuasatioa and found that these pyra- 
midal columns were united in the medulla into two very distinct 
faaciculi, which you have been accustomed iu dc»^criptiTe 
anatomy to know by the name of anterior pyramide. To-day, 
gentlemen, we must ascend still higher anil determine, as far as 
pOMiblc, the course of the pyramidal tracts in the other parts 
of the isthmus, that is to say, iu the pons, crura cerebri, and 
laitly, in the cerebrum proper, wherCj as you will sec, they appear 
to take their origin. 

(i) Id the pons, the uerve-elements which had previoualy 
formed the bulbar pyramids no longer have the aspect of com- 
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pact faactcuU ; tliev become dissodsted and intermingle nt 
the special fibres of the pom, where they contribute ta II 
formatioD of a network, within which it is, to ny the leait, n 
difficult to distingaish them. 

This is not the case in the crura cerebri, where we ib 
■ee tbemto some extent restored to the condition of well-defiv 
faaciculi. 

(a) You are all aquainted, gentlemen, with those two colom 
which unite the pons to the cerebral hemispheres, and wbie 
are called the crura cerebri, I shall asaame that a section h 
heen made perpendicularly to the direction of the fibres vhie 
are so distinctly risible on the lower aspect of these colnnuti, 
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Fio. 5a.— Diagrammatic section of the pednnclea in tha newl^- 
bom ohild (after Flechsig). EI, lower layer; FP, pjnmidil 

tract. 

little above the pons, or, indeed, at the level of origin of d 
common motor oculi nerves. Let us observe, in the first plao 
the peculiarities which a section of this kind presents to tt 
consideration in the newly-born child. 
The crus cerebri is divided by authors into two parts:* ( 

' Id the preceding fignre it ma; he ohaerved that the P7Taiiudsl<tn 
ragion only occapies about a fourth part of the lower layer (the thiid qosd 
proceeding from within outvtaidi). Such, at least, i« ths extent asnfniid 
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I tba lower layer, which is also called the foot (pet crtuta.) ,■ (2) 
I tte npper layer or tegmentum, otherwise termed the calotte 
I ^fitnbe of the Germans). Above these parts, there \% seen 




i Flo. 53. — Horizontal lection of the pedancuUr region in % caw 
T tocondftrj <lcg« Deration. 7, upp«r layer ; F, lower layer on 
ktthy side ; L, looue niger ; P, mtemol fascicultu of lower layer 
ta dinciwed side ; D, aecoodary degeoenUoD occapying about the 
middle two funrths of the lower layer. 

OD the eectioD in question the cnt vertical surface of the ante- 
rior corpora quadrigemioa. Lastly, towards the median part, 
70a r«c(^mse the openiDg of the aqueduct of Sylvius, around 

it by Flecluig. I mnet remark that s certiiin namber of enuninations of 
tlte pdnnimUr r^jpon in the oowly-boni ohtld lead me to think tbst this 
Ngion ii mmv ntcniiTc than Klechtig giv«a as to undent«n<]. At regards 
ttoaoAiKj degeUBrstionn in the intra- jieduneular pyramidal tract, I am in a 
pgntiim to auort that thoy poHeas dimentiona very mnch greater tlian 
TUAmit'* rwvarcliee wonld Imd na to nippoae. A contideralile namber of 
■twUmiie*! oWrratioiu, which have been made lately ander my auperintan- 
denMat Id 8al|:jtrj(n<, do not allow the *ligbtMt donbt in tliia rtapect. 
Tb« moit of tbew obscimticini i« that tbo pyramidal tract oocnpiM at 
IhcI tbe (wo middit^ouTih* of tbe lower Uy«r. 
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rbich ia developed & mass of gr^ matter representing tlie a 
erior comas of the cord. Here, groap« of cells are diipoie 
rom which the roots of the common motor o<!iili nerres ■ 
leriTcd. In front of this point we obaerre the prolongitici 




Fio. 54.— Horizoiital BectioD of the right hemisphere parcel fa> 
the fisaore of Sylvias. Nc, caudate nacletu ; Ba, aTit«rior seg- 
ment of the internal capsule ; N I, lenticular nacleuH ; O, knee of 
the capsule ; 8p, posterior segment of the intem&L capsule j Co, 
optic thalamus ; F, circamficribed lesion in the posterior segment ut 
the capanle occupying part of the iDtro-hemispherical conrse of tlie 
pyramidal tract 

of the spinal anterior fasciculi (ruodamental part of the anten 
lateral columns) ; these fibres intermingle with those of d 
« e cerebello ad tetiet. 
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Od section the processes have the appearance of red nuclei 
(Rothe Kerne of Stilling). These various parts, which consti- 
tute the tegmentum strictly speaking, are alreadj developed in 
the newly-born child, and you know that on ascending towards 
the enceplialou we shall sec them converge to the optic 
tbalnmns, where they disappear. Therefore they take no part 
in tbe furmatiou of the peduncular cxpanston. 

I have dwelt on this general description with the object of 
^termining more accurately the topography of the region 
vliich we have to investignte. 

M'e are now in a position to apply the data which we have 
Acquired. On the other band, it behoves us to lead careful 
attention to the lower layer or foot of the peduncle. In tbe 
adult, this part is distinctly separated from the tegmentum by 
a transverse band of grey matter, which is no other than the 
ioetu niger of Soemmering. The nerve-cells of this region, at 
tbe period of life with which we are concerned, are as yet unim- 
prcgnated witii pigmentary matter. 

Be that as it may, the region uf the/oo/ is to be found below 
this baud ; and it is here that we mntt look fur the traces of 
the pyramidal tracts, 

A section of the lower layer of tbe crus may be divided into 
three segments of nearly equal dimensions (internal, external, 
•sd middle scgmeuts). 

In tbe two first, the nerve-tubes which are not yet covered 
with their medullary sheaths, appear on section as clear spaces. 
This is uot the case with the middle segment, which has the 
form of an opagur, rb';mlH)idal space, owing to tbe fact that 
the nerve-tubes have attained their complete development. 
Now, this space of opnque matter really represents, according 
to Flechsig, the rearranged prolongations of the pyramidal 
tracta (see description Vig. 53). 

IIcQce, Tou see that whereas in the cord and medulla 
oblongata of the newly-born child the pyramidal tracts an 
distinguished from nt-ighbounng parts by reason of the rudi- 
mentary state to whieb ihcy owe their clear colour, tbe contrarjr 
is tbe case in the peduncles. 

The nerve-tibres which form the pyramidal tracts in 
lower layer arc already covered with myeline, and 1 
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they bear the stamp of advanced deTelopment. It it tUi 
circumstance which places them in contrast with adjaoent 
parts. 

This fact| gentlemen^ is unquestionably significantj since h 
seems to indicate that the development of the pyramidal tndi 
proceeds from the cerebrum proper. Flechsig, who did not 
fail to notice it, was led from his observations to pnt forwud 
the hypothesis that the nerve-fibres of the future pyramids tab 
origin in the cortical grey matter or rather in its ganglionic 
cells, where they make their first appearance in the form of budi. 
These latter, whilst undergoing progressive development, de- 
scend little by little into the crura, and after passing through 
the pons and medulla, reach the spinal cordj finally extending 
to its lower extremity. To Flechsig of course I leave the 
responsibility of his own hypothesis. I shall now merely give 
the data upon which it rests, since I have not yet had the 
opportunity of verifying de visu this last part of hii 
researches. 

(3) Accordiug to Flechsig, as you are already aware^ the 
pyramidal tract may be followed beyond the foot into the sub- 
stance of the hemisphere. We can at once recognise its pre- 
sence in the middle of the opto- striate ganglionic masses, in 
the region called the internal capsule, which is in short, at 
least to a considerable extent, no other than the expansion of 
the fasciculi which form the lower layer of the crura. With 
regard to the internal capsule, a few topographical indicationi 
will not be superfluous. If a horizontal section of one of the 
cerebral hemispheres be made through a line parallel to and a 
little above HenWs posterior lateral fissure, the lower segment 
of the hemisphere which we have under observation offers for 
special consideration the following peculiarities. 

Posterior and internal, near the median line, is the optic 
thalamus, in front of which lies the head of the caudate 
nucleus; to the outside is the lenticular nucleus, the inner 
margins of which form by their union a kind of wedge project- 
ing into the angle made by the caudate nucleus and optic 
thalamus. 

But the internal ganglionic masses (optic thalamus and 
caudate nucleus) are separated from the external mass (lenti- 
cular nucleus) by a large, white, angular tract, which is no other 
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than the internal capsule, tbat is to say, to a certain extent the 
peduncular expansion. 

You perceive, gentlemen, from the topographical disposition 
' of this tract, that it is composed of two Tery distinct parts : ( i ) 
an anterior part, included hctween the internal and anterior 
mrface of the lenticular nucleus and the head of the caudate 
DDcleus; (2) a posterior part, intermediate between the external 
surface of the optic thalamus and the poetero-interual border 
of the lenticular nucleus. These two parts unite at an obtuse 
angle, which we might call, with Flechsig, the " knee of the in- 
ternal capsule." 

Now, gentlemen, according to Flechsig, it is in the posterior 
part of the capsule that we must look for the origin of the 
intra-hemi spherical course of the pyramidal tract. 

At the period of life which we arc considering this tract may 
be recognised in the posterior segment as an elliptical space, 
marked off from the neighbouring parts by its opacity. Since, 
then, it is made up of nerve-fibres which have already attained 
their development, it holds no relation of continuity with the 
adjacent ganglionic masses. 

If, in thoughl, you divide this posterior part of the 
internal capsule into three regions of equal extent, it will be 
found that the pyramidal tract occupies precisely the middle 
region. 

But this is not all. The pyramidal tract may be followed, 
farther still than the internal capsule, into the centrum ovale, 
and even to the grey cortical matter. 

(4] To examine the pyramidal fibres in this last part of their 
tract, we must turn our attention to a frontal section. When 
this is made a little behind tbc fissure of Rolando and parallel 
to its direction, it bisects the ascending parietal convolution. 
According to the topographical system of M. Pitres, this is the 
parietal section proper. 

We see the posterior segment of the internal capsule directed 
obtiqncly upwards and outwards ; the lenticular nucleus is placed 
side by side with its external margin, and the optic thalamus, 
which is divided through the centre and surmounted by the 
section of the tail of the corpus striatum, bounds it on the 
inner side. 

This then, according to Flechsig, is the region through which 
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the pyramidal tract passes. When the fibres reach the centnun 
ovale the; begin to separate and spread out in all directioitt, 
so that it becomes impossible to follow them. NeTerthelesi, 
ft portion of the tract remains coherent and oontiuaes itsconne 
towards the upper extremity of the central convolutioa. 

After leaving the capsular regiouj the fibres incline outwudi 
to turn around the ventricular walls ; subaequeutly , they bend 
slightly inwards, andj thenceforward, pursue their vertiol 
course to the parts which we have just mentioned. Id ihort, 
gentlemen, that portion of the cortex in which the terminal 




FiO- 55- — Parietol aectiou of the hemiiphere (Htrei). 8, corpus 
callosnm ; 9, tail of the caudate nacleiu ; 10, optic thalsmos ; 1 1, 
intemat capsule (pceterior eegment); 13, lenticulsr nncleiu; 13, 
eitemal capaale ; 14, claoBtram. 

extremities of the pyramidal tract disappear, appDrtains, aa yon 
see, to what is called the motor zone (paracentral lobule, 
upper extremity of the ascending frontal and parietal con- 
volutions.) 

Such are the results of Flechsig's researches concerning the 
intra-encephalic course of the pyramidal tract. 

His conclusions seem to require confirmation in more than 
one point, and the author himself does not appear to accord 
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them absolute confideiice. But it ii eBseatial to keep in mind 
the general bearing of the course which we have studied pro- 
gressively in the various regions of thencuro-axiB. The hypothesis 
to which the author in question aeems to incline, from the 
aggregate of facts observed by him, is that the pyramidal fibres 
take origin in the cortical matter of the motor zone; having 
become developed Grst in that part, they dcsceud from thence, 
u we remarked just now, by a process of budding, to form the 
pyramidal tracts iu the capsule, then in the cruR, pons, medulla 
oblongata, and subsequently, as age advances, in the lowest 
parts of the neuro-axis. 

(5) This, gentlemen, is a suitable opportunity to avail oat. 
•elves of Profestjor Parrot's investigations, to which I alluded 
in the preceding lecture. These researches, which have been 
communicated quite recently to the Soci^te de Biotogie, do 
not precisely coincide with the subject treated by Flechsig, 
bat they nevertheless have some bearing on it, and may contri- 
bute to its elucidation. Although, iu a general manner, they 
confirm the conclusions arrived at by Flechsig, they tend, how- 
ever, to modify them in one important point. I refer to the 
iutra-encephalic tract with respect to which the German vrtter 
formulated the hypothesis of which I have just spoken. 

Parrot's researches were based on the autopsies of ninety- 
nx children under the age of one year. The hrain was 
CKtffiined by means of methodical sections, the object being lo 
discover by the naked eye the differences in colour corresponding 
to the various regions of the cerebral mass, according to the ages 
of the children. 

There is no doubt that chromotogical facta, aa Parrot calls 
them, may furnish information relative to the development of 
the diCTerent portions of the hemispheres. The grey transparent 
parts may be looked upon as the foetal or embryonic regions, 
whilst the white are the developed or adult regions. 

In short, the white tint corresponds to the perfect structure 
of the nerve tubes — the aiia-cylinder covered with its myelioe- 
sheath. Now, from our present standpoint, the following 
seems to me especially worthy of notice in M. Parrot's inter- 
cating researches. 

This figure (Fig. j6}, which he has very kindly placed at my 
dbpoMlf represents a vertical section of one hemisphere. It iit 
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made in an aotero-posterior directioD, parallel to the mediu 
plane aad about one centimetre and ■ half from the into- 
hemispherical Bsaure. It has reference to a child sermtM 
days old. You see that at thia period the anterior and posterior 
regions have a very dark grey colour, which aignifies that tbtt 
are still in a fmtal condition. It is only at the end of a moott 
that the substance of the occipital lobe begins to grow white; 
and it is not until four months afterwards, that is to ttf, 




Fio. 56. — Anlero-poBtcrior vertical section, a little extenal tA 
the internal aspect of the hemisphere. The parts are Been to be 
varioualy tinted, some being white, others groj. 

A It represents the Eolnndic loop, subjacent to the fissure of 
Itolando, jSB. 

C, internal capsnle emerging Itom the central gwy mais. 

towards the fifth month, that the anterior regions commence to 
undergo development, which, moreover, is not completed m& 
about the ninth month. 

But already at the seventeenth day, as yon see, the mediin 
or sub-Rolandic part of the cerebrum is marked by the presence 
of nerve-fibres ensheathed iu myeline. The fasciculi of the 
centrum ovale, at this point appear as two white tracts, which 
seemingly are tending to meet one another. 

The one which is developed first, judging from the examina- 
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tion of the cerebram of younger children, rests on the central 
ganglionic masses, vhere it appears to have its centre of forma- 
tion, and advances in the direction of the fissure of K'>laDdo, 
The other forms a kind of white loop circumscribing the depres- 
•ion of the fissure of Rolando below the cortex (M. Parrot calls 
it the Rolandic loop) ; it is situated in front of the preceding 
fuciculuB. 

Toa will at once perceive that these white tracts exactly cor- 
respond in their anatomical relations with the description given 
by Flechsig of the intra-hcmispberical course of the pyramidal 
tracts; only — and in this the opinion haxirdcd by Flechsig 
conRicta with the results obtained by M Parrot — there exist 
for this part of the pyramidal tract two centres of formation : 
the one situated in some point of the central nuclei is the 
6rst in age; the other has its starting-point in the grey 
matter of the Rolandic convolutions, otherwise called the 
motor zones. 

In short, I repeat that there is but this one point of disagree- 
meut between the two observers, We may, however, infer from 
Fificbeig's researches, that of all parts of the hemispherical 
cortex the so-called motor regions are developed earliest, and 
thkt they are the first to enter into relntion with the bulbo- 
tpioal system through the medium of the pyramidal tracts. 

We have now finished, gentlemen, the considerations which 
1 was desirous of laying before you concerning the anatomy of 
the pyraniida] tracts, as based ou details supplied by the study 
of the development of the nerve-centres. 

This preliminary account, which has been perhaps somewhat 
long, was indispensable before attempting to investigate those 
system lesions of the pyramidal tracts, known by the name of 
secondary degenerations. Tliese lesions are not mcrcl,i inter- 
eating from the standpoint of pure pathological anatomy, but 
allied to them are a number uf clinical facts which make them 
deserving of the careful attention of pbysidans. 



LECTURE IV. 

SECONDARY DEGENERATIONS. DEGENERATION OF THE 
PYRAMIDAL TRACT IN THE PEDUNCLE. PONS, ME- 
DULLA OBLONGATA, AND SPINAL CORD. EXCEPTIONAl 
DEGENERATION OP THE INTERNAL FASCICULUS OP 
THE CRUS CEREBRI. DIVISION OF THE LOWEB LATER 
OF THE CRUS INTO THREE REGIONS. 

SuMMiUBLT. — Introduction to the study of secondary d^eneratiam. 
Degenerations of cerebral origin are descending y itose of^iad 
origin are loth descending and ascending. 

Degenerations of peripheral origin. The question of loealisaliim 
governs the situation. The nature of the lesion mailers littkf 
provided that it is destructive. Secondary lesion of ike em 
divides the lower layer into three regions. Degeneralion in tie 
pons, medulla, and spinal cord. 

Localisation of the degenerative lesion in the opto^lriale region. 
Flechsig's researches. The pyramidal tract properly called is 
not the only part capable of descending degeneration. La He 
internal capsule it occupies at least the anterior two Ikirds <^ 
the posterior segment. The posterior fasciculus {Meynerfs 
sensitive fibres) never degenerates. 

Gentlemen^ — After the preliminaries which have hitherto 
occupied our attention^ we are now in a position to enter the 
domain of pathological anatomy. I propose to discuss the 
system lesions of the spinal cord. 

I shall begin the study of the various forms composing this 
cla^s by examining the alterations which are generally known 
by the name of secondary degenerations. 
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The lesions in questioa are called fiecondary because they 
take place consecutively to another lesion, which is most fre- 
queotly circumscribed, and primarily developed in the diSerent 
parts of the neuro-axia — the cerebrum proper, the medulla, 
vpinal cord, or even iu the peripheral nerves. A cousecutive 
lestOD, when once originated, may acquire individuality or 
ftctual autonomy, and occasiooaliy there is connected with it a 
clinical history which is superadded to that of the original 
disease and sometimes even overshadows it. 

The secondary lesions which are most interesting from thia 
point of view are those affecting the pyramidal -tract system. 

I must mention, gentlemen, in the 6rst place, that ail system 
lesions of the pyramidal tracts are not secondary. There are 
lesions iu this region (and on this point I shall have to dwell 
at a later stage) which become developed as primary or proto- 
patbic affections, that is to say, they are independent of the 
inflncuce of a primordial lesion. 

1 need not insist too strongly, gentlemen, on the fact that the 
history of secondary spinal degenerations is thoroughly deserving 
of the atteotiou of the physician. Although, indeed, tbesc lesions 
were for a long time eousidered an object of purely scientific 
curiosity, and as calculated merely to interest the phyaioli^st 
or anatomist, we can assert that this is no longer the case at 
the present time. 

Recent works have satisfactorily demonstrated that theae 
affections hold, in every respect, an important place in tlie 
pathology of tbe nervous centres.' 

II. 

Since accondary degenerations of the spinal cord form rather 
B complex whole, we must iu the first place determine their 
divisions. 

* It would b« nenlMs tu revert onn Sigain to tbe hUtorj* of thia (jDestioD. 
We ahall niinplj trmark tliat ncit to tbe works of L. Tiirek, Cbiircot, ind 
Tulpiui, Ibo iDoal iaU<rMting detail* rolative to wMntUry dpseiwrktioiui sra 
to t^ fiinnil in M. EkiUL-Kitnl'it cluuioid memoir. He vm tbo first to nie the 
fcootM ai bardeiiing and atainiog in the ioveaUt^stiuti of medulUry leuoDS, 
and tbe fint slso who wjujcht to twtabllsk the lyniptoiiuiUilogj of degonentiv* 
lauCMtB.). 
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GbntlemeNj — After the preliminaricB whi< 
occupied our attention^ we are now in a posu 
domain of pathological anatomy. I propo: 
Bvstem lesions of the spinal cord. 

I shall begin the study of the various form* 
class by examining the alterations which arr 
by the name of Mecandary degenerations. 
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(i) In the first group are included secondary degeneratumi 
of cerebral oriffin, that is to say^ those proceeding from focal 
lesion occupying certain parts of the encephalon. Aooordinglyi 
lesions of this class may result (a) either from primary lesion 
of the cerebrum proper (b) or from lesions situated in yarioos 
parts of the isthmus (crura^ pons^ and medulla oblongata). 
Degenerations which have such an origin are commonly termed 
descendinff, because indeed they seem to descend from their 
starting-point in the encephalon towards the peripheral parts. 

{i) In the second group we must place secondary deyenc' 
rations of spinal origin, that is to say^ those which are con- 
secutive to the formation of a circumscribed lesion in some 
part of the spinal cord. We shall see why these consecutiTe 
lesions may be caUed in some cases descending^ and in other 
cases ascending. 

(3) The third category comprehends a small number of very 
curious cases which have not yet^ however^ been observed in 
practical medicine. The degeneration^ which is of peripheral 
origin^ is situated in the posterior columns of the spinal cord. 
The known instances are but five or six in number. In every 
case they refer to the nerves of the horse's tail^ or^ more ex- 
plicitly^ to the posterior roots which must be looked upon as 
the starting-point of this special lesion. 

III. 

We shall consider^ at the outset^ degenerations of the first 
group — those having an encephalic origin. Moreover, in 
order to limit our initial field of study we shall only investigate 
at the present time those secondary fasciculated lesions which 
are engendered by a focal lesion situated in the cerebrum 
proper. Before entering into details let us indicate the most 
general characters of the group. 

(1) It must be clearly understood that the original lesion 
exists in the cerebrum strictly speaking. But it does not 
involve indiscriminately any part of the hemisphere. In other 
words, there are regions of great extent in the hemispheres, 
where focal lesions are powerless to provoke secondary degene- 
rations; and, on the contrary, there are other regions where 
such changes inevitably determine secondary descending lesions. 
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Vou perceive, geotlemen, that the qtiestion of localisation con- 
toolfl, as it were, ihe situation. 

(l) As to the nature of the original lesion, nothing is more 
Tuiable. Intra- or extra-eucephnlic tumours, focal lesions dne 
to hKmorrhage or softening, and all possible changes have the 
same eflFcct, provided however — and this is an indispensable 
condition— that the lesion be destructive, in other words, that 
it produces, in its place of selection, a true loss of substance 




Pio. 57, — 1, deifeiienilioii in iha urns cetwbri (pjrauiidal trurt) j 
B, intertiAl petlunculu fudculua degDnemtini; utiiler occuiunal, 
but vu'eptional, circuiiutancM ; C, external fuciculnt (P c«ntri- 
petiJ), xtBVCt Jcgenernting ; D, [K>nii VwdUi (it is MymmctriciJ, 
Wtng »tro|ihi»d on the aide of tba iMion) 1 k, grejish, atrnphind, 
«nd degenerated pyramid, decuaiating with il« fellow at F, 

at the expense of the nrrve-elemeuts. Accordingly, old focftl 
leuoDs from hiemorrhage or softening figure much more com- 
mouly among the causes of secondary degenerations than the 
majority of tumours, which merely preiis upon or push aside the 
nenre-elements without destroying them. 

(3) With the exception of a particular case, which will be 
mmtioned in due time and place, degenerations of this clau 
po«iess the general character uf affecting the pyramidal-tract 
■yatctn, to which they arc strictly limited. 

If the primordial lesion occupies ouo ouly of the two hemi- 
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spheres^ the degeneration is propagated to the crossed pyramidil 
tract on the opposite side ; if, on the other hand^ a lesion existi 
in each of the two hemispheres, both halves of the pyramidal 
system may be simultaneously invaded. 

The lesion in question, gentlemen, I repeat it advisedly, ii 
pre-eminently systematised. The adjacent fasciculi alwayi 
remain intact, and (except under special circumstances, to whidi 
we shall return) the grey matter and the roots of the periphenl 
nerves are likewise unaffected. 

(4) I postpone the question relative to the nature of the 
degeneration from an anatomical point of view. Is it the 
result of a purely passive process, as some authors maintain, 
or, on the contrary, is it, as others assert, of an irritative nature? 
Or indeed may the two opinions be combined, in the sense that, 
whilst in the first period the process is passive, in the second 
it becomes active? 

These are doubtless interesting questions, but I repeat that 
we shall not take them into consideration until a later stage. 

For the moment, I shall merely discuss the topography of 
secondary degenerations, and you will see, as I told you jost 
now, that these lesions are systematised in the domain of the 
pyramidal tracts. 

IV. 

Let us consider the secondary lesion just as it is emerging 
from the substance of the hemisphere. It appears first in the 
cms cerebri ; we next see it in the pons, then in the medolla, 
and, lastly, in the various regions of the spinal cord. In the 
first place, gentlemen, bear in mind that when the lesion if 
very pronounced and very old, it is, to use a popular expres- 
sion, as clear as noonday. 

On the same side as the cerebral lesion you will notice that 
the lower layer of the cms, the pons, and the corresponding 
pyramid have undergone a true atrophic change, which lends 
to these parts a grey tint (Fig. 57). On the side opposite to 
the lesion, below the decussation of the pyramids, you will also 
observe the asymmetry of the spinal cord consequent on atrophy 
of the antero-lateral column. This is the aspect under whidi 
the lesion was recognised by old authors. But recoUect, 
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gentlemen, that in the great majority of cues the change is 
Dot so far advanced, and that the iaterrention of the microscope 
is indispensable. 

(i) It is interesting to remark that in the <m« cerebri the 
degenerated part is gre^^ish and has the fjrm of a triangular 
Hpace, situated in the middle part of the lower lajer. The 
base of the triangle is towards the encepbalon, whilst the apex 
looks towards the pons. Accordingly, the surface of the foot 
of the peduncle is iu this manner dirided into three regions : 
(a) the middle region, represented by the degenerated pyra- 
midal tract ; {6) the external region, which (so far as I can 
judge from the numerous obsenations I have made on the 
subject) never by any chance becomes the seat of degeneration, 
ft very remarkable circumstance to which we shall have occasioa 
to return ; (c) lastly, an internal region, which is only under | 
exceptional and very special conditions invaded by the degene- 
nted pyramidal tract, which we shall have also to consider later. 

It may, however, take on degeneration separately, without 
die participation of the middle fasciculus. 

By making thin sections of the peduncular region, we may 
readily ascertain that the degenerated median fasciculus 
exactly corresponds to the pyramidal tract, which we were 
eoabled to recc^nise in the crus by means of developmental 
■SBtomy, 1 

Under a low magnifying power we see that the lesion occurs, ' 
in • vertical section, under the form of a quadrilateral space 
occupying the middle part of the foot and extending from the 
grey matter of Soemmering, which forms its upper limit and 
oorrespouds to the smallest side of the parallelogram, as far as 
the surface of the foot which represents the largest side. 

The nerve-Gbres in the area of the parallelogram being to a 
large extent destroyed or replaced by connective tissue, there 
appears in sections stained with carmine a well-marked red tint, 
which contrasts with the comparatively piile aspect of the 
Dfiighbouring parts, and hence enables us to determine the exact 
topography of the lesion, 

(2) In the pons, the pyramidal tract is dissociated and 
extremely difiieult to recognise iu the midst of the transverse 
fibres peculiar to the part. Nevertheless, the secondarily degenc- 
jBted ftaciouli may still be distinguished fairly easily, especially 
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oa comparisoD witb tKe healthj side, ia the lower or bnlbtr 
regions of the poni, where these fasciculi b^o to collect and 
once more form into groaps preparatory to couatitating tht 
pyramidal tract a little lower down, 

(3) ThroughoTit the entire extent of the mednlla oblongita 
the lesion ia found with the utmost ease, as 70a ma; judge I7 
examining a section made perpendicular to the main axisoftbe 
medulla and passing midway through the olivary bodies. The 
bulbar lesion is strictly confined to the pyramidal tract on th« 
aide of the primary encephalic lesion. 




Fio. 58. — TnuiBTewe section of the cord in the ceirioal regioo. 
1, degeneration of the pynmidol ti«ct in a cue of leiion of tlie 
cerebisl motor centres ; B, degeneration of the direct tract ; c,am 
of white matter corresponding to the cerebellar tract ; D, re^kn 
intermediate between the poeterior cornn and the pyramidal baet 
fthia re^on ia never affected in descending degeneration). 

(4) If now we examine a series of transverse sections madeia 
Uie various regions of the cord, we at once recognise the antenoi 
column on the side corresponding to the cerebral lesion, and, 
on ti.e side opposite to the lesion, the crossed pyramidal tract 
(Fig. 58). 

You know, gentlemen, that these last fasciculi may be 
followed separately as far as the lower end of the Inmbtf 
region, and that their relations, in the various sjnnal regkuis, 
undergo modificationa conformably to the indications sapplied 
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to U8 by developmental anatomy. The demonstration, which 
I wished to present to yon, is therefore complete, and the 
descending degeuemtive lesion, iu the case under consideration, 
in, as I had predicted, absolutely limited to the pyramidal- 
tract system. 



After determining the topography of the so-called secondary 
degenerations we must now stop to consider one of the moHt 
important points in their history. 

W^bttt is the chamcter common to all circumscribed destruc- 
tive lesions, which, when developed in the substance of the 
bemispbere, give rise after a certain time to descending 
d^enerations ? On the other hand, what is the nature of 
lesioDS of tbe same kind which do not produce degenerations? 

I muftt repeat tliut it is pre-eminently a question of situHtion 
or, in other words of localisation, and this is precisely what it 
behoves me to prove. 

At our last meeting I pointed out to you that the cerebral 
hemisphere may, broadly speaking, be looked upon as com- 
posed of two parts, which are to a certain extent anatomically, 
fuDctionaUy, and pathologically distinct. On the one hand, 
there are the central ganglionic masses; and, on tbe other 
hand, what is sometimes called the manteau, namely the semi- 
onl white substance and the layer of grey matter which 
envelopes it. 

(i) Let us consider first the central grey masses. Avery 
aapcrficial analysis of tbe region exhibits (on a transverse 
section, for example) the white tract which we call the internal 
capanlc, running in an antcro-postcrior direction. External to 
tbu tract is the lenticular nucleus, and internal to it are the 
t>pttc thalamus and caudate nucleus. 

It is by no means an unusual occurrence, gentlemen, to see 
circumscribed destructive lesions strictly localised to one or 
other of these nuclei. This is more especially common as 
reganis the lenticular nucleus, and particularly its external 
part. You are aware that this is the niobt usual seat of those 
ocbrcous foci which are the last vestiges of intra-encephalic 
lorrha^e. Focal lesions of more or less considerable size. 
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limited to the optic thalamus or to the head of the lenticulir 
nucleus^ are by no means rare. But^ gentlemen, Ludwig 
Tiirck^ who was the first to study these changes methodictily, 
clearly proved that secondary degenerations never occur whea 
the lesion remains limited to a grey nucleus^ and does Dot 
extend to the internal capsule so as to cause any materitl 
degeneration of its fibres. 

Lesion of the internal capsule is, therefore, so far as focil 
lesions of the central masses are concerned, the necessary con- 
dition for the production of secondary degeneration. 

(2) But^ gentlemen, all destructive lesions of the capsole do 
not give rise to these degenerations. It is true that some, 
provided that they have a certain size, which we may estimate 
at the minimum at half a centimetre in diameter, inevitablj 
determine them ; but there are others of much greater extent 
which never produce them. What is the reason of these 
difierences? Everything, as you will see, depends solely on 
the seat which the lesion occupies in the white tract. 

The problem, then, consists in defining the limits of the 
capsular regions where destructive lesion is followed by degene- 
ration, in opposition to those parts where the same lesion does 
not occasion identical results. 

Four years ago I formulated the following proposition with 
respect to this subject : — Secondary degenerations take place 
when the lesion involves the anterior two thirds of the internal 
capsule ; they never occur when the lesion invades the posterior 
third of the capsule.^ 

This statement has been criticised by Flechsig, who bsi 
devoted careful attention to the matter. In consequence of 
this criticism, the revision of facts which I was obliged to make 
forced me to acknowledge that in many respects his objections 
were well founded. Accordingly, I had to correct my formula, 
and in a moment I shall state in what the modification I 
propose consists. 

You remember that the topographical inquiries which we 
made led us to recognise the existence in the internal capsule 
of two segments, one anterior, the other posterior, these two 
segments being united one to the other on a level with the 
region which Flechsig proposes to call the knee of the capsule. 

* See p. 85. 



Nov, gentlemen, I bave found that lesions limited to the 
Ulterior segment cause secondary degeneration, but that thift 
degeneration does not aflect the pyramidal trad proper ,- it 
reveals its presence to the naked eye by a grey band occupying 
the internal segment of the foot of the peduncle, and does not 
involve the midiile segment. 

There exists, then, according to all probability, within the 
fasciculus of pyramidal fibres, which intercross at the level of 
the bulbar decussation, a bundleof centrifugal fibres proceeding 
from the anterior segment of the internal capsule. 

It is very probable, also, that these fibres are arrested below 
at some point in the pons, for when this fasciculus is degenerated 
it is impossible to detect it iu the correspoudiug pyramid; A 
fertiori it does not pass down into the spinal cord. If I failed 
to recognise the separate e:iisteiice of this fasciculus, it wns 
because the capsular lesions which I had examined did not 
involve only the anterior segment, but also the middle segment 
or knee of the capsule; and iu this case the lesion of the 
capsule being complex it extended downwards into the medulla 
and spinal cord,' The region of the capsule with which we are 
at present concerned, and the limits of which we are deairoua 
of determining as far as possible, is to be sought for in the 
pocterior or Ienticulo>optic segment of the capsule. 

If you divide this segment from liefore backwards iuto three 
B«arly equal parts (we do not lay claim to mathematical pre- 
eiaioQ in such a case) the region of the capsule corresponding 
to the anterior two thirds is precisely that iu which, according 
to the observations made by Flechsig, and more recently by 
njrsclf, a destructive lesion, even of small size, cannot exist 
without being followel by descending degeneration of tlie 
oorrespooding pyramidal tract. We might call it the pgramidal 
region of the captule, since the nerve-fibres which traverse it 
Mcm to be a direct continuation of the pyramidal tracts. 

As regards the last third of the posterior segment of the 
capsule, I must notice hricHy (for to this point I shall have to 
retumj that this region seems to contain only centripetal fibres, 
which do nut appear capable under any circumstances of under* 
gcttDg descending degeneration. 

' See'Progrhi MMJi^l.' Septfuiber, 1879. "Fails poorservirilhiiitoirft 
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Circamscribed lesions prodaced in this part always betny < 
their presence clinically by a number of symptoms, which aie 
now well known under the name of cerebral hemiansesihetii.^ 
I must remind you that this affection is characterised m 
follows: — (i) Loss or simple diminution of the general sen- 
sibility of the entire opposite half of the body ; (2) the speddL 
senses in the same side^ including sight and smell, are simiil- 
taneously affected. In accordance with these anatomo-dbiedi 
facts^ which are now based on a considerable number of carefii 
observations^ the region in question might be considered a kind 
of crossway^ where the conductors of general and special sen- 
sibility proceeding from the opposite half of the body an 
packed together into a narrow space. 

This circumstance should be compared with the fact that tin 
external segment in the foot of the cms — at least according tD 
to my observations, which are, moreover, fairly numerous— ii 
never affected with secondary degeneration. 

Now, the fibres of this external segment were looked upon 
by Meynert, who was influenced by purely anatomical con- 
siderations^ as the centripetal prolongations of the sensitiie 
spinal fibres, and as serving to connect them to the posterior 
regions of the hemisphere. The fibres of the external s^^ment 
of the foot would appear^ then, to ascend directly to the pos- 
terior third of the posterior segment of the capsule. This 1% 
doubtless, only an hypothesis, but it is one which is fairly 
probable^ and worthy to be taken into consideration it 
subsequent inquiries. 

Accordingly, the three regions of the capsule are represented 
in the foot of the crus by the three fasciculi in question: — fi) 
Internally, a fasciculus which rarely degenerates, and which 
corresponds to all the anterior segment of the capsule; (2) the 
median or pyramidal fasciculus, degeneration of which is 10 
common, corresponding to the anterior two thirds of the pos- 
terior segment of the capsule; (3) the external fascicolui) 
which never degenerates, made up of centripetal fibres which 
go to form the posterior third of the posterior segment of the 
capsule. I do not mean you, gentlemen, to take this as s 
definite conclusion, but only as an approximate result which 
may serve to guide you in future researches. 

^ See p. 91. 



INTERNAL CAPSULE IN THE CEUS CBEBBBI. 189 

Be that as it may^ one fact^ if I mistake not^ has been clearly 
•▼olTed from the preceding discussion ; it is that^ so far as the 
central grey masses are concerned^ destructive lesions involving 
primarily or secondarily the anterior two thirds of the pos- 
terior segment of the capsule are alone capable of determining 
descending degeneration of the pyramidal tracts. Now^ this is 
precisely that region of the capsule the limits of which we had 
to fiz^ and so the first part of our demonstration is at an end. 



TRANSLATOR'S NOTE TO CHAPTER IV. 

Aooording to Brissaud (' Recberches anatomo-pathologiqnes et phvsio- 
logiques BUI la contracture permanente dee h^mipl^giques/ p. 38), there are 
four fasciculi in the cms cerebri having the following functions : 

(l) A posterior fasciculus (Charcot's external fasciculus), which conveys 
•nsitive impressions, and which corresponds to the posterior third of the 
posterior segment of the capsule. 

(a) A middle &8ciculus, which innervates the muscles of the extremities 
and trunk, and which corresponds to the anterior two thirds of the posterior 
MQpnent. 

(3) A small bundle of fibres, which Brissaud calls the "geniculate 
fMeiciilus " (le faieeeau gSnicule), because of its connection with the knee 
(fMOM) of the capsule. It contains motor fibres, and is distributed to the 
andei in the medulla oblongata, giving movement to the face, tongue, and 
pfobably the soft palate, in short to all parts of the head and face which are 
voder the control of the will. This fasciculus corresponds to the knee of the 
capsule. 

(4) An internal fasciculus ending in the medulla, degeneration of which 
■eeins to coincide usually with intellectual disorder only. It corresponds to 
all the anterior segment of the internal capsule. 



LECTURE V. 

fiECX)NDARY DEGENERATIONS (conHnued). LIMITS OP THE 
PYRAMIDAL TRACT IN THE CEBEBRAL HEMISPHEBE. 

SuHMABY. — In the Hudy of secandarj/ degenerations of eereM 
origin, the seat of the lesion is the capital point. Imporiam 
of a thorough knowledge of the cereal convoluiions. Moisr 
convolutions. Vicq d'Azyr (1785)^ Rolando (1829), Lemrd 
( 1 839) . Histological examination of the convolutions. Oiad 
cells of Betz and Mierzejewsky. Previous description of L^ 

Histological analysis and comparative anatomy of the eonvolnUonik 
Hitzig, Ferrier, Betz, and Bevan Leuns. 

Diagrammatic view of the pyramidal tract in the cereiral hemh 
sphere. Rolandic region. Focal lesions in this region give ris9 
to secondary degenerations, whether from alteration qftkefim 
of the centrum ovale or as a consequence of cortical destructive 
lesions. 

Gentlemen^ — We must now consider the cerebral cortei;, for 
circumscribed lesions here also give rise to secondary degenen- 
tion. It has long been known — Tiirck was already aware of 
the fact — that the so-called peripheral focal lesions, in opposi* 
tion to those termed central, because they occupy the opto- 
atriate region^ also cause under certain circumstances secon* 
dary degenerations similar to those produced in consequence of 
lesions of the internal capsule. 

But what are the circumstances under which degeneration 
results from lesions situated in the cortex ? 

It is only of late, gentlemen, that attention has been called 
to the fact that the fundamental condition here is still relatire 
to the seat of the lesion. 

The extent of the primary lesion^ the nature eyeu of the 
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rd»Dge conatitating it, provided, however, that it i> deatrnctivS] 
[are really only accessory conditions. You see, therefore, th&t 
I the question non before us ia to determine topographically the 

» which circum scribed lesions must involve in order that 
ling degeneration of the pyramidal tracts shall result. 
I- 

To accomplish Batisfactorily the purpoae we have in view, a 
■light digression seems to me indispensable. Moreover, gentle- 
Bcn, in following the bye-path in which I am going to lead 
yon, we shall notice in our progress several facts in cerebral 
topography which we have many times had occasion to utilise 
io the course of the investigations we have undertaken.' 

When examining the surfuce of the cerebral hemispheres in 
maDt and when seeking for fixed points by which to discover 
our whereabouts iu that labyrinth which baa long been called the 
eerebral convolutions, we are necessarily struck by the reularit- 
able disposition presented by the two large median cuuvolu- 
tiona, first figured and described by Vicq d'Azyr in his great 
treatise on ' Anatomy and Physiology' (1785, pi. iii). " Thej/ 
are," he aaid, "obliquely directed from above doioawarda, more 
exiendrd in length, and le»t tinuous than in the other regiont 
0/ the cerebrum." 

These two couvolutious were described with greater detail by 
Rolando iu 1819 in the work entitled ' De la structure dos 
hemispheres du ccrvcau.' lie refers to tbem under the name 
of proceatue entiroides verlicaux. These two couvolutioDs, 
gentlemen, really constitute oue of the fundamental morpho- 
logical cbaractcra on the surface of the human cerebrum, and 
are to be »ecn also in the majority of apes. You are aware 
that the anterior is now called the ascending frontal con- 
volDtion, and the poateriur the ascending parietal convolution. 
Thejr arc separated one from tbc other by a sulcus, which, since 
tbo time of Leuret (iH^y), has been termed the fissure of 
Rolando, On the external surface of the hemisphere they 
extend from the hvsure of Sylvius to the inter-hemispberical 
deft i and we know, un the other hand, that they are, aa it were, 
' ^<« PP- '5. 'C- 
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prolonged on the inner aspect of the hemisphere so as to eon* 
stitute there the so-called paracentral or oval lobalej at the 
level of which the two convolutions become blended. 

But^ gentlemen^ this region of the cortex to which I am 
inviting your attention is distinguished from all othersi not 
only by its altogether special configuration, but also by some 
structural details which are deserving of notice. 

You are not unaware that histological examination hu 
demonstrated the existence in the hemispherical eortex of 
ganglionic nerve-cells which^ by reason of the form nnder 
which they occur^ are generally called the pyramidal etll$ of 
the cortex. They are very variable in size, some of them 
being, comparatively speaking, very small. These latter are 
the most numerous (pyramidal cells of the small variety). 
There are others more voluminous occupying the middle part 
of the grey matter. Lastly, there are the so-called pyranddal 
giant cells, which were carefully described by Betz and Miene- 
jewsky. They sometimes attain a diameter of '040 to '050 
mm., that is to say, a diameter equal to that of the Ivrgt 
ganglionic or motor cells in the anterior grey cornua of the 
spinal cord.^ 

But it is not merely as regards size that it is possible 
to establish a comparison between the cells in the anterior 
cornua of the cord and the large pyramidal cells. That 
exist, indeed, very manifest structural analogies between these 
two kinds of elements. 

Thus, besides the ramifying and subdividing protoplasmic 
processes, there is also found in the large pyramidal eells^ and 
particularly in the giant cells, a very characteristic disposition, 
consisting in a special non-divided process, identical with the 
cylindrical prolongation described by Deiters in the spinal 
ganglionic cells. 

In one case, as in the other, the filament is slender at its 
origin, but becomes gradually thicker in its course in proportion 
as it recedes from the cellular protoplasm. By careful dissec- 
tion it is possible to see that this prolongation becomes 
enveloped, at a certain distance from the cell, in a cylinder of 
myeline. 

All these facts clearly show the impossibility of mistaking 

* See p. 31. 
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the analogies which, notwithstaading differences in form vid 
Beat, approximate on the one hand the large pTramidal cells of 
tbo cortex and, on the other hand, the motor-ceila of the anterior 
cornua. These analogies bad, however, been previously sng- 
gested by M. Luys, I shall have the opportunity shortly of 
again bringing this matter under your notice. Now, gentlemen, 
tbe largest of these pyramidal cells, and especially the giant' 
cells, are not distributed indifferently in all the regions of the 
cortex ; they tend, ou the contrary, to be limited to a well-detined 
ana on the surface of the cerebrum, and this circumscribed area 
is precisely that, the configuration and limits of which we jnst 
now pointed out. 

It is, indeed, within the grey matter of the ascending frontal 
and parietal convolutions, principally at their upper half, as 
well as in the paracentral lobule, tbat the pyramidal cells of the 
large variety and the giant-cells exclusively are to be found. 
They are arranged here in groups, islets, or nesli as Betz calls 
them. Hence the region of the median convolutions might 
be termed the department of the pyramidal giant-cells. 

It is very remarkable tbat this peculiarity in structure does 
Dot appertain to man only. Betz has showu tbat it is to be 
found also in the monkey. In ibis case, too, tbe largest pyra- 
midal cells arc observed in tbe median convolutions and in the 
paracentral lobule. Tbe same author has likewise pointed out 
that these cells are met with in tbe dog in the regions which 
hare been knowu since the labours of Hitzig and Ferricr by the 
name of motor centres, tbat is to say, in tbe grey matter of the 
coDvoIutioQB lying around tbe crucial sulcus. Tbe observations 
of Bet* have been quite recently confirmed by Bevan Lewis, not 
only concerning man and the monkey, but also in the case of 
the cat and the sheep (' Brain,' 1H78). This leads me to remark, 
gentlemen, that tbe central, median, or, if you will so term 
tliem, the Rolaudie convolutions, are those in which experi- 
ment as regards the monkey and clinical observation as regards 
man bare enabled us to loculise the so-called psychomotor or, 
more simply, motor regions. 

I take the present opportunity of reminding you incidentallj 
that the denomination, motor centres, does not imply in my 
mind any absolutely fixed physiological idea, but that by it I 
merely wish to designate, in opposition to other area, those 

13 
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regions of the cerebral cortex, lesion of which oceatioDB motor 
disorders \a certain well-defined parts on the opposite ride of 
the body. 




Our (iigrcBHion is now at an end'. You may hare tlKWgU, 
geritlemcQ, that the con si derations just placed before yon IR 
foreign to our siihject-mattcrj whicli isj in brief, the pkUiogOiic 
history of sccondarj- degeneration of cerebral origio. Tim, 
however, is not the ease. In reality, that part of the cortei, 
the priucipal morphological, histological, and physiological 
characters of which I have tried to make prominent, beloDft 
to the region, the limits of which it was our purpose to deter- 
mine. 

If you remove from the deep lajcr of this grey sone the 

nerve-fibres directed towards that portion of the internal ca^i- 

Hule which wc previousiy called the pyramidal part, you will 

' For further detula, see Lectaro III, Vtrt Firtt. 
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obtain ■ diagrammatic view not very diffcn-nt fr<im the concrete 
reality. 

Geometrically the region rany be descrihcd as foUowB: it U 
a Ibar-sidcd pyramid, the trnucated apex uf which looks down- 
ward* (tlii« is the pyramidal region of the internal capsule). 
The base of the pyramid, which is no other than the cortex t.f 
the median or ascending convolutions, is convex and looks np- 
wardi and outwards. The anterior surface is represented by 
B frontal section passing from side to side through ibe posterior 
extremity of the base of the three frontal convolutions, and 
through the anterior extremity of the optic ihalamuH. Tliis 
nearly corresponds to the pre-Rolamlic or peduncnlo-frontiil 
section of Pitrcs. 




». — *, linrtlDiilal »pd i<in of tho rauilatc nuclaii* ; B, I'f the 
Bntlcnlsr nnr-Uiwi e. of tbo optii- thukmn* i u.pKr»?eiilnU lobalp; 
a, aaccnilin); fnintAl, uiJ f, lunviulinK jMrirtal cunvolution ; u, tU- 
mt* of lUiUnHo ; ll. sntcrior «r[^Gril uf tlm csi<»ul« ; K, pynuniiUI 
region in the piii>t«ri<>r iu>)tin(int of the mlpmal capaule ; l.arnaitiva 
portion of the n|aulp mrrMpondioK to tli« pnat^rior third of tho 
porinriur •«pni?^t. 



Tlie post-Itolondic »r pcdnncnlo-parietftl section passing from 
aide to Rtdt- thron;:h the hasc of the parietal convolutions and 
through ihc ima^inar)' line which separates the anterior two- 
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thirds of tbe posterior segment of the capsule from its posterior 
third] represents the posterior surface of the pyramid in ques- 
tion. 

It is easy to understand, without it being necessary to enter 
into more details, how the other two surfaces, the iuternal anil 
eztemalj may be obtained. 

Thia geometrical representation is, no doubt, somewhat rough. 
Nevertheless, this region of tbe hemisphere, which might be 
called the Rolandic, and which represents within the cerebrum 
as it were a small brain apart, endowed with special physio- 
logical properties, is almost included within these limits. Itii 
in the cortex of this cerebral segment, also, that the starting- 
point of secondary degenerations must be looked for. Indeed, 
as regards the so-called peripheral foca! lesions, that is to aay, 
those situated external to the opto-striate masses, they only 
determine tbe production of secondary degeneration of the 
pyramidal tract when ihey involve the central or Kolandic 
region of the hemisphere. Circumscribed destructive lesions 
outside this region, whatever may be their size, do not cui^e 
descending degeneration of the pyramidal tract. 



II. 
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Such in a few words, gentlemen, is the formula expressing 
the Htate of our present knowledge relative to the qaestion 
which is engaging our attention. I shall not enter into details 
as to the facts on which this statement is based, but refer you 
to the works of Fitres, Issartier and Flechsig, where all infor- 
mation bearing on this subject is contained. 

I shall restrict myself simply to tbe following remarks. It 
is not yet proved that destructive lesions limited to the grey 
cortical matter of the Rolandic region are productive of secon- 
dary degenerations. Nevertheless, some facta taken from the 
pathological anatomy of general paralysis,' tend to show that 
this is really the case. Lesions even of small size (i to 2 c.C.) 
involving both the grey matter and the underlying white sub- 
stance, such as yellow softening or superficial foci of cerebral 
hemorrhage, especially when they affect the upper two-thirds 
' Di5jerine'B case, quoted bj Issartier. 
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of the ascending convolutions and the paracental lobnle, 
give rise to vell-mBrked secondary degeneration of the pyra- 
midal tracts. 

Circumscribed lesions involving the centrum ovale in the 
Rolaodic region, without participation of the cortex, determine 
secondary degeneration of the pyramidal tract, as in the case of 
aaperficiat lesions.' 

In order to complete the special history of secondary degene- 
ration of encephalic origin, there remains but one vrord to be 
udd concerning lesions limited to certain parts of the 
uthmus. 

You will find recorded in M. Bouchard's monograph most of 
the known cases of secondary degeneration consecutive to lesions 
localised in the pons and medulla. A comparison of these cases 
shows that the necessary condition for the production of secon- 
dary degeneration, under such circumstances, is that the focal 
lesion should involve the course of the pyramidal tracts. When 
this is so, a lesion even of very limited extent situated in the 
medulla, at the level of the decussation for instance, will certainly 
give rise to descending degeneration of both pyramidal tracts. 

This combination actually occurred in an interesting obser- 
vatioQ published by Hertz.' 

A focQS of softening tlie sine of a lentil was situated at the 
site of the decussation of the pyramids. The result was sym- 
metrical secondary degeneration of the pyramidal tracts through- 
out the whole length of the spinal cord. 

' Pleohdig's and Memoir. Four ewes quoted from Turch. 
I Deutsch. Arch.,' 393, 1874. 




LECTURE VI. 

SECONDARY DEGENERATION OF CEREBRAL ORIGIN (cam^hMj^ 

CONSECUTVE AMYOTROPHY. 

Summary. — TAe degenerative lesions of the pyramidal tract enSt 
us to definitely Jix its anatomical relations. - The termiw^ 
of its fibres in the spinal cord has given rise to several hyfih 
theses. The ending of the pyramidal fibre is an anterior edit 
which generally arrests the process of descending degeneratm. 
Sometimes the cell itself is attacked. Trophic disorders coast- 
quent on extension to degeneration of the anterior corxua. 
. There is therefore another relation besides that of eontignlj 
between the pyramid<il tract and the grey matter of the spinsl 
cord. Muscular atrophy in hemiplegic patients. ObservaOm 
of Charcot, Fulpian, Hallopeau, Leyden, Pitres and Brissand. 
Is extefision effected through the connective tissue or throu§l 
the nerve-fibres themselves ? 

Gentlemen, — I should have completed the special historj 
of secondary dtgenerations of encephalic origin^ were I not 
compelled before proceeding farther to call your attention to t 
few details which were not alluded to in the preceding account 
The anatomy of the pyramidal tracts, as derived from the 
study of their development and of the descending degenerations 
to which they are liable, has enabled us to assert, as you are 
aware, that their component nerve-fibres take origin in the 
cortex of the Rolandic convolutions ; moreover, that they pro- 
ceed from this point and pass down into the cord withoat 
exhibiting any relation except that of contiguity with the 
different parts of the encephalon and medulla oblongata which 
they traverse. Now we may presume, although the fact has 
not been proved, that in the cortex these nerve-fibres are in 
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direct rclutiou with the lurgepyramidaf cells of this 
11(1 how do these tihrca cud lu the spiual 



mure or k*: 
region. 

But below, where a 
cord? 

We have seeu tiiat iu the cord the |t}Tauiidul tract pro- 
gressively dimiuigbes in size an it desucuds tuwurds the Slum 
termiuule. This fact ia a sullicieut proof that the eousCitueut 
uerve-fibres are gradually used up iu the deaceudiug courae of 
this fKSciculus through the various spinal regious. 

Ou the other haud, eertaiu ubservatiuua ia uoruial auatomy 
■how that iu the diSereut strata uf the cord there are fibres 
directed from behind forwards ami from witliout inwards, 
which seem to establieh a cuuucctiuu hetwceu the pyramidal 
tracts and the autcriur gray corn u a. 

As regards the mode uf lertuiuatiou uf these uerve-fibrea 
which Appear to be a direct emaoatiou of the euuipuueut fibres 
of the pyramidal tract, several hypulheses present themselvea; 
cither the pyramidal fibres pass directly into the auteriur roots ; 
or they eud iu the grey euruua without proceeding farther; 
or, lastly, it is possible that some of theiu are prolonged into 
the commissure uud reach the opposite side of the cord, 

AgaiuBt the first hypothesis, the following facts may be 
Bobmitted. According to Flechsi^'s asscrtiomi which we can 
confirm, the auatomy of the cord iu the newly-born child sbowa 
that whereas the dev.lopiaciit of the pyramidal tracta is as yet 
■carcely outliued, that of the cells tu the anterior euruua and 
of the anterior roots is ulready iu a very advanced state. 
There is, therefore, tio cuntiHuily l>etween the fibres of the 
pyramidal tracts and the fibres of the anterior ruots. This 
fact has, in a mauuer, its couutcrpart ia the history of 
doccadiiig degcneratious. Altliough lesion of oue of the 
pyramidal tracts may be most pronounced, the unleriur ruots 
emanating from the grey coruu ou the eurrcapuudiiig side, as 
a rule, present no structural mudiScaliou aud no appreciable 
dimiuuliou iu niie. 

The grey matter uf the anterior coruu, adjacent to the 
degcnu-atcd pyramidal tract, likewise displays no trace of 
alteration under ordinary circHmstaueev. Tiic large nerve cells 
alto are perfectly intaet, and the cornu itself presents no 
,4i)<t>i>uLioa of volume. But, geiitlcuieD, this duca not prove 
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that no oonnection exiata between the terminal extremitiei 
the pyramidal fibres and tbe multipolar motor eella. It 
indeed, rery probably as most writer* maintain, that the m 

neotioQ does exist. 




Fia. 6i , — Diagram ahowing the entire pjiamidal-tnct Mjttta 
from the oella in the cerebial wrtez to the end-pbtea in tbe mta- 
cnlar fibrei. a, motor giant-celli of the convolationa ; b, »B*- 
oylinde is j o, ftzis-cjlinden covered with mjeline, f onuing the pTn- 
nidftl trttct in the Utenl column of the cord ; d, d, d, otiQa in the 
•nterior coniiu of the oordi a, x, i, reticulnm of grej matter 
where the nerre-fibrM of the lateral oolnmn undergo inooeMiTe 
diminntiou ; j, w, T, anterior roots reprsMntsd diagrammaticallju 
KiiMjllndert prooaeding from the anterior coUe, and ending in the 
muMulai fibrw, «, s. 




TEOPHIC DISOKDEES IN HEMIPLEGIA. 

The secoiid hypothesiSj which 1 formulatecl just uow, would 
appear, therefore, conformable to truth ; nevertheless we must 
confess that the anatomical disposition by which this relation 
is established, has hitherto remained undiscovered. Be this 
as it may, the motor nerve-cell must be looked upon, in the 
case of descending degeneration, as the element opposing the 
degenerative process in the grey matter, and preventing its 
extension to the nerve-tubes of the anterior roots which, as 
physiology shows, are certainly in indirect relation with the 
pyramidal-tract fibres. This hypothesis, as you are about to 
see, is supported by certain pathological facta appertatmng 
to the history of descending degenerations — facts to which I 
ask permission to call your attention for a moment. 

It has long been remarked that, as a rule, the muscles of the 
extremities on the paralysed side in patients affected with 
permanent hemiplegia of cerebral origin, present no other 
atrophic changes than those resulting very slowly from the 
functional inertia to which these muscles are condemned. 

But in this respect there are numerous exceptions, and it 
may happen that, contrary to rule, the muscles of the extremities 
affected with hemiplegia undergo, at a certain period, more 
or less rapid atrophy, and at the same time present more or 
less profound modifications in their electrical reactions. I 
am inclined to think that this anomaly is referable to some 
anatomo- pathological peculiarity, and, in one case indeed, I 
made the following observation.^ 

The case in question was that of a woman who was suffering 
from left hemiplegia dependent on a hsemorrhagic lesion in the 
right hemisphere. The extremities of the paralysed side, 
which had become contracted at a very early period, began to 
diminish in size two months after the attack. 

The muscular atrophy was uniformly distributed over all 
parts of the paralysed limbs, and was accompanied by very 
notable diminution of the electrical contractility. The mus- 
cular wasting made very rapid progress and the patient 
succumbed. We discovered, in hardened sections of the 
spinal cord, that in addition to fasciculated sclerosis, there 
existed in the anteriorcornuof the corresponding side a change, 

' See ' Lefom txxr lea iDalsdies An i^at^me nervenx,' t. i, p. S5> snd t. ii, 
p. 345. 
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the most striking feature of which waaatrophyj even toeompleti 
diMppearance of a certaia uurober of motor cellt. 

M. Hallopeau observed some cases of the same kind in M. 
Vulpian's practice. Leyden has likewise seen at least om 
instance, although I believe that he has not noticed tka 
relation between the degeneration of the nerre-cells uid tl» 
muscular atrophy. 




Fio. 63.~(Aft<'r Pilmi.) Smtiuu at tlie opinal uoti between iht 
utTenth aud nintli nitrvc-riHits. a, anterior uornu on the right side 
containing the nonual nuiuWr of i)erreflly healthy motor otlit; 
B, left untei-ior cumu (thu iiiotar cells Iwve disapiwared, except at 
the miwt eilcriiul and at llie autero-internal |>art} ; C, sclergais of 
the iiyrsuiidul tnict in the luU'ral i-uluiuii. 

M. Fitres' has recently entered into some very important 
pathological details in reference to a case, observed in my 
practice four years ago, similar to those which are nov 
engaging our attention. 

lu the case alluded to, there was an oclireous focus, tbe 
remnant of an old cerebral haemorrhage. The lesion, wUch 
was the size uf a large almoud, had completely separated the 
middle third uf the internal capsule on the right side. The 
muscular atrophy, which had attracted attention during life, 
affected the left upper extremity almost in its entirety. Ou tbe 
other hand, the muscles of the paralysed lower limb exhibited 
no notable atrophy. 

Guided by former eases, I believed myself justified in fore- 
telling that this unusual muscular atrophy, supervening in the 
' ' Arch, de pliyool(>t,'>e nurinale et pathologiqne,* 19^6, p. 664. 
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course of cerebral hemiplegia with secondary cuutracture, I 
would find its explanatiou iu partial destruction of the cells in I 
the left anterior cornu, at the level of the cervico-hracUial I 
region. | 

The microscopical examttiatioii, nrliicb was made with the 
greatest care hy M. Pitres, fully confirmed my an tic i put iu us. 

Tliere was descending sclerosis on the left side throughout 
the whole length of the cord; but, iu addition, at a limited 
point of the cervico-brachial enlargemeut, betweeu the seventh 
and ninth pairs and for a Icugtb of 2 to 3 centioietres, we 
noticed iu the auterior curuu complete disappearance of most J 
of the cell masses which arc seen normally iu this region I 
(poBtcrior and antero-exterual gnxips). 

The auterior roots, moreover, iu the corresponding regions 
of the cervicu- brachial enlargemeut, were much greyer than 
tboBo on the right side. Since coses of this kind form a fairly 
liomogeneouB group, it iti evident that this is not a question of 
furtuitous coincidence. 

These facts demonstrate that tbe terminal extremities of tho 
pyramidal fibres, as we remarked just now, arc iu some kind of 
retatioQ with the ucrve-cella of the auterior coruua. 

When there is I'ccoudary dcgenL-ratiun of the lateral column, 
the cell, by reason of its autonomy, generally resists invasion 
of the morbid process, aud, if we may use the expression, pro- 
tects the correspoudiug anterior root. 

But in certaiu exceptional eases which are {lerbaps not so 
uncommon as is usually believed, under the itiflucnco of 
ouknown conditions the celt itself is afToeted with atniphy, aud 
consecutively the corresponding roots undergo dcj^enerativo 
disintegration. 

The final consequence of this invasion of the system of cvutri- 
fogaJ nerves is atrifpby aud degeueratiou uf the muscles to 
which the diseased root« proceed, according to a mechanism we 
ahall have to study iu detail ou au early occasion.' 

As regards the theory, it is importaut to remark that iu the 

■ Since UiL. Icclurr wu. apliverwl (April jIbI. [879), iH.im< nJilitiyinJ uases 

■truphj coiuwcutiv« to Mwondar; ilrgvncmtiuii of onivphalic 

origin. listB lieen olaerveil in M, Clianiut'i )imi.-tii-(>, A full luxvnnt of tliMS 

obswrvBtioD* hwi bmn rsccntly pablished in th« * Kevae memuelie (In in&le- 

<iMialdsoliiEiir(p«.' Angust, iSjy. B. 1 
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case of M. Pitres, as in those which preceded it, the 
degeneration of the pyramidal tract presented no anmnaly 
in its arrangement in the vicinity of the altered ooma. TIub 
degenerated part was, as usual^ separated firom the grey 
matter by a white tract ; in other words, direct extension of the 
lesion in the lateral column to the oorresponding anterior 
comu was nowhere to be found. 

This observation, therefore, gives support to the idea that 
extension is effected not through the agency of the oonnectivB 
tissue, but rather through the course of the nerve-fibres whidi 
proceed from the pyramidal tract to reach the anterior comni 
of grey matter. Anatomy proves that this relation is estab- 
lished by means of small bundles of nerve-fibres which became 
detached at various points from the pyramidal tract. 

In cases of descending degeneration where these fibres hare 
undergone change, a careful examination might enable us to 
distinguish them in the midst of the healthy fibres in the 
region of the reticular processes. This investigation, which i% 
however, very difficult, has not yet been made. 

We have just entered into details, gentlemen, which may 
probably appear to you exceedingly minute. But you will 
assuredly have no reason to regret them, for we have now 
acquired a truth of the first importance, which we shall have to 
utilise shortly for the physiological interpretation of amyo- 
trophies dependent en spinal causes. 



LECTURE VII. 

VA&Y DEGENERATION OF SPINAL ORIGIN. A8CENDINO 
P DEGENERATION OF THE CEREBELLAR TRACT. DESCEND. 
SO DEGENERATION OF THE PYRAMIDAL TRACT. 



msY. — Frequenc}/ of seconttary dtgenerationt of spinal oriyin. 

J The commonetl case U that of covtpretnon of the cord in Pole's 

\ diteate. Cateo-tubereular pachjfmeningilis. Total trans- 

' lesion. This lesion must be dettmctive in order to be 

fbliowed by degeneration. Classification if degeiterationt 

WMntecutive to total tranti'erse lesion. Descending degeneration. 

m Ascending dtgcMration involves tie lateral and posterior 

I columns. Flechsig's cerebellar tract. Degeneration in the 

a partial transverse lesion takes place only wAen the 

mwJUte fasciculi are destroyed. Spinal hemiparapl^ia miti 

I crossed anastiesia. 

ieral lesion of the spinal cord tnth subsequent degenerative 
u^ange of both lateral columns m of very exceptional occurrence, 
Y-^Matomical inferences front Miller's observations- DoubU 
tatiou of certain if the pyramidal-tract fbret. 

BkNTUtusN, — We have hitherto been exclusively concerned 
with the pyramidal tract, which has been considered only from 
the standpoint of normal and pathological anatomy. Its sym- 
ptomatology, which is not inferior in iuterest, equally demands 
oar attention. But, in the first place, I believe it will be 
adrantageous to give you a general account of secondary dege- 
neratious of spinal origin, still bearing in mind that our prin- 
cipal object is the pyramidal tract, the history of which is 
to be tbe special purpose of our studies this year, Thiscourse, 
which is apparently somewhat circuitous, will nevertheless 
bring ns back to the symptoms, and you will then be in a 
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better position to appreciate their value ia the Bemeiology of 
spinal affections. 

We shall therefore consider, gentlemen, those system leaioin 
of which I have already spoken to yon — those fascicolated lemony 
both ascending and descending, which are produced in certain 
regions of the cord in consequence of the formation of a dram' 
scribed destructive lesion. 

These secondary degenerations of spinal origin are Teij 
common, for, by reason of the relatively limited dimensions of 
the cord, it is scarcely possible for a destructive lesion to take 
place in it without secondary degenerations to some extent, or 
under some form or other, being the consequence. 



I. 

Let us first consider a focal lesion which is the cause of all 
these changes. We shall take a very simple and^ at the same 
time, a very common case. The instance I refer to is that of 
slow compression of the spinal cord, such as is so commonly 
observed in Pott's disease. 

Since Michaud's researches, the ordinary mechanism of this 
kind of compression is perfectly intelligible^ The compressing 
agent in a case of this nature is the thickened dura mater. On 
the outer surface, in contact with the caseo-tubercular deposits, 
which are derived from the bodies of the vertebra and which 
have led to destruction of the posterior vertebral ligament, an 
inflammation also of a caseo-tubercular nature is produced 
(external caseo-fubercular pachymeningitis). 

As a result of this thickening of the dura mater the cord be- 
comes displaced and, in consequence, compressed to a degree 
which varies according to the vertical extent of the caseons 
neo-formation, generally for a length of two or three centi- 
metres. It is sometimes pushed from before backwards at this 
point only, at other times it is embraced on all sides and, as it 
were, strangled.^ 

But this is not a question of a purely mechanical phenomenon. 

' 'Sur la in(5niii«j[ito et la myc^lite dans le mal vert<$bral/ 1871. 
^ See 'Lemons Riir les nialadioft dn syst^me nervenx faites k la Salpd- 
tri^,' t. ii, p. 84. 
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Indeed, then: is soon establiHhed io tlic orgsn at the eeat of 
GompresBion a reaction of an inflammatory nature ; in othrr 
words, partial myelitis is the almost iDeritable consequence of 
•pinal comprr^wion. Be this as it may, there is developed at 
this point a destrnctive lesion involving indifferently the grey 
natter ami all the white fasciculi, both anterior and poatcrior, 
of the affected region. This may be called a total tranaverte 
letitm. 

It ia well known that the same change occnrR, apart from 
Pott's disease, with identical characteristics and effects as far 
as secondary degeneration ia concerned, whatever may lie the 
cause of compression. Hence cancerous and sarcomatous 
tumours and psammomata, arising primarily outside the spinal 
cord, are liable as they increase to cause transverse myelitis hy 
eompression, with all itscnnsef|nences. 

Moreover, gentlemen, compression, strictly speaking, ts not 
a neceasary condition. Intra-apinal tumours, such as gliomata, 
■yphilomata, and siilitnry tnherclc!), syphilitic, traumatic, or 
other kinds of myelitis, will have the same result as myclitta 
from compression, provided that destruction of the nerve ele- 
ments as nn essential condition be fiilfiUed. 

So, from the moment the total tranavcrac lesion becotnea 
destructive, whatever l>e the starting-point of the process, tlie 
result is always the same. The only variations are relative to 
tbe seal. Hence degenerations present certain pccidiaritica 
according as the initial lesion occupies such or such a region of 
the spinal conl. It is the same in ca-ses where the transverse 
lesion is partial, that ix to say, when it involves only a part of 
the transverse extent of the organ. But, aa you will under- 
stand, tlic general law presiding over the development of 
secondary degenerations of spinal origin is not thereby sensibly 
nodilied. 



11. 



For the sake of greatcrsimplicily, we shnll notice, first of all, 
tlie rase of a total transverse lesion which we shall presume to 
be situated in the ujiprr dorsal region. 

You are aware tl>at we must lake Into eonsidrrition the ] 
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descending degeneration or that sitaated below the lesion, and 
the ascending degeneration which is situated above. 

(i) Descending secondary degenerations. 

(a) Immediately below the lesion^ for an extent of one or two 
centimetres at the most^ the entire area of the antero-Utenl 
columns is degenerated ; the posterior columna alone remiin 
intact. 

{b) Lower down we observe that the degenerative lesion in 
the antero-lateral columns is represented by two sclerotic bandi, 
which are no other than the columns of Tiirck. 

In the lateral portion proper of the antero-lateral colnmns, 
the degeneration only occupies the two crossed pyramidal 
tracts. But the columns of Tiirck rapidly disappear^ except 
under anomalous conditions^ so that the pyramidal tracts alone 
preserve the characters of descending degeneration. In thii 
case^ as in degenerations of cerebral origin without complica- 
tions^ the grey matter and anterior roots remain unaffect^. 

(2) Ascending degeneration affects two parts: — (a) Uie 
lateral columns ; {b) the posterior columns. 

(a) The lesion in the antero-lateral columns has nothing in 
common with the descending lesion. The pjrramidal tracts in 
this instance are absolutely intact. They are incapable of 
degeneration upwards just as the posterior columns are insna- 
ceptible of degeneration downwards. On section the lesion 
has the form of a thin band commencing on a level with 
the posterior extremity of the corresponding posterior grej 
cornu and extending in front nearly as far as a transverse line 
drawn through the anterior extremity of the anterior comaa, 
and sometimes even beyond. 

This band^ which is very narrow^ is in contact everywhere by 
its external border with the pia mater. The lesion, which was 
not unknown to Tiirck, may be followed to the highest regions 
of the cord. It is discoverable in the restiform bodies^ and even 
at the level of the cerebellum. The fasciculus which under- 
goes this ascending degeneration does not seem to be equally 
developed in all subjects. Its component fibres appear to take 
origin in the upper regions of the dorsal cord. Consequently^ 
degeneration does not take place when the focal lesion is 
situated in the lower parts of the dorsal region or below. The 
fasciculus in question, which Flcchsig describes under tie 
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^ of direct cerebellar tract, uudergocs perce^itible iocrease 
feacknesf from below upwards. Fleclisig Kug);eats that its 
p arise fruni Clnrkc's vesicular column, but its anatomical 
letiouH arc at present very obscure. I havo uotliiiig more 
1 jrou abuut this fasciculus, except tliat the usceuding lesioii 
■ not reveal itself by any special 6f inptom. 
I Ancciiditig leaiou of the poatcriurculumiispreseutA greater 

k. litiiiKfdiatcly above the primary leaiou, for au extent of 
two or three ccutimetres at the most, the eutire posterior 
column is degenerated. 

B. Hut, higher np, tbe lesion seems tu taper ufT and soon 
occupies only the median part which corresponds in tbe 
opper regions of the spinal cord (cervico-bracbinl enlargement) 
to the columns of Uoll (see Fig. 63, Gc). The degeneration, 




¥ta. 63. — A, BWtioa al ihu npinnl corf in Dpper iloml t«|(ioii 1 
B, wmiinl r*giiin ; Pr, MreK'lUr tract (lc^neiut«<l nboro the spins! 
bsion ; Oi', ix))uiiiii of Qolt. 

moreover, like tbe fasciculus itself, may be followed upwards to 
the posterior bulbar pyramids as far as tbe level of tlio fourth 
veutricle, whilst degeneration of the rest of the [losterior column 
docs not ascend above the primary lesion to a distance exceeding 
two or three nervc^roots. However, gcntlemeu, at a later stage 
I shall enter into some details relutivo to this degeneration of 
the posterior columus, which wc have now met with fur the first 
time, and which we shall have to study much more fully when 
locomotor ataxv. 
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III. 

It DOW remains for me to notice briefly some modificationi 
which the type just described presents when the lesion^ inttaid 
of being total transverse^ ib partial transverse. 

A. (i) In the first place it is necessary to point oattbt 
degenerations^ ascending as well as descending, only take plaee 
when the destructive lesion aflbcts the white fasciculi. A^ 
cordingly, even profound changes in the spinal cord, when tfae^ 
are limited to the grey matter, as we see either in an acute fom 
in infantile paralysis, or in a chronic form in protopathic spinil 
amyotrophy, are never followed by descending degeneratios, 
apart from accidental extension to the white fasciculi. 

(2) In the case of the white fasciculi, on the other band, the 
consecutive lesion is, so to speak, obligatory. If the primaij 
lesion is in the domain of the antero-lateral column, and if it 
respects the pyramidal tract, the degeneration will be of small 
extent, for the change in such a case involves only the very 
short commissural fibres. 

We shall see presently what happens when a focal lesion 
afiects merely the fibres of the posterior columns. 

B. We must now consider for a moment a combination which 
is rather frequently met with in practice, viz. a transverse uni- 
lateral lesion of the spinal cord. It is rare for the lesion to be 
mathematically unilateral, that is to say, not extending a little 
beyond the antero-posterior axis; but, in place of confining 
our attention to geiieralities, let us take a concrete example. 
The case in question was one of syphilitic lesion of the oordj 
which revealed its presence by symptoms of spinal hemipara- 
plegia (paralysis and hypersesthesia on one side, absence of 
paralysis, but ansesthesia, on the other side).^ The autopsy 
showed that the destructive lesion involved the entire left 
antero-lateral column and the whole of both posterior columns. 
Above this lesion, which was distinctly circumscribed to the 
regions we have just indicated, secondary degeneration of both 
columns of GoU was observed, and below, in the area of the 
antero-lateral column, the triangle-shaped degeneration of the 
left pyramidal tract was noticed. 

' See ' Lemons sor lee maladies da syst^me nervenx/ t. ii, p. 1 19. 
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Remember, then, that so far as the pyramidal tract is con- ' 
ceroed, this is the general state of affairs. But there is i 
exception to the rule, which it will not be without profit to 
ooDsider, because it will perhaps account for some symptomB, 
the explaoatioD of which would be otherwise somewhat difficult, 
I have OGcasioually seen both lateral columns affected iu comse- 
qaence of a unilateral lesion. It is true the degeneration was not 
■jmmetrical and equal, that on the side primarily affected 
being more developed than the other. This disposition was 
realised in a most remarkable manner in a case of traumatic 
section of the spinal cord, observed by W. Miiller. 

A man, aged twenty-one, received a stab at the level of the ' 
fourth dorsal vertebra. The entire right antero-lateral column 
and the posterior columns were divided at this point (see Fig. 64]. 




' Pie. 64. — I, tiaDsvene tection of the ipinsl oonl nt thn teval at 
■,t 4th dona] Tertebra ; the entire right half of the con] mid both 
poalorior colanmi iira dettrared. I, B«:tiun of the oord at the level 
of the 3rd doiul vertebra ((clerosit of both poeterior columiu and 
both cerebellar tmct*) . 3, At 11 higher level the degeQcraUoD tBectt 
onlj the eoltimns of OoU. 41 oord at the level of the 6th donal 
rerUhm (degvDerstian ot all the antero-lateral column). 5. lower 
iIoWQ, at the level of the 7th or 8th dnrsal vertebra, the di-gnnera' 
tion of the right latenl i^ulumn is accompanied bj degeneration of 
t]i« left pjniniidal trad. 



The patient presented the following symptoms: — on the left 
aide, iDflBsthesia with preservation of motion, on the right side, 
bypeneathesia and paralysis of the lower extremity. Death 
took place at the end of forty-three days, and at the autopsy it 
was noticed that the descending degeneration involved, not only 
the right auterO'Uteral column in ita entirety, but also the laft 
pyramidil tract. 
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Facts of the same nature have come under my own notice, 
and M. Hallopeau has made similar observationB in certain 
cases of secondary degeneration of cerebral origin. The exten- 
sion to the opposite side of a change primarily unilateral may 
be explained, gentlemen, by the hypothesis I proposed at cor 
last meeting with reference to the mode of termination in the 
grey matter of the fibres of the pyramidal tract. I said that 
the majority of these fibres are arrested in the anterior comua, 
where they enter into relation with the motor-cells. But it ii 
possible that some of them pass into the anterior commissare^ 
especially in the dorsal region, and gain the lateral column of 
the opposite side, in order to descend with it into the lumbar 
region. These fibres, then, would appear to possess a double 
decussation, one in the anterior bulbar pyramid, and the other 
in various points scattered throughout the entire length of the 
dorsal region. 

I call your attention to this peculiarity because we can thus 
explain the more or less complete paraplegia which occasionallj 
ensues in cases of unilateral spinal lesion or of circumscribed 
cerebral lesion. 



LECTURE VIII. 

ASCENDING DEGENERATION OP SPINAL ORIGIN. COLUMNS 
OP GOLL AND OP BURDACII. SPINAL DEGENERATION 
OP PERIPHERAL ORIGIN. 

SuMHART. — Secondary defeneration of tie posterior columns. These 
columns are each divisible into two distinct anatomical sjfstems, 
tie autonomy of wiici is based on considerations relative to 
development and to structural and patiological anatomy. 

Development of the posterior columns. Labours of Pierret and 
of KolUker. The columns of Ooll and of Burdaci appear 
independently one of anotier. Furtier division of tie two 
systems by Sappey's intermediate posterior fiseures. Structure 
of tie columns of OolL Their nuclei on tie floor of thefourti 
ventricle. Structure of tie columns of Burdach . 

System lesions may be found separately either in tie column of 
GoU or of Burdaci. Lesions of the columns of Goll do not 
give rise to symptoms of locomotor ataxy. Compression of tie 
spinal cord causing complete degeneration of tie columns of 
GoU and partial degeneration of tie columns of Burdaci. 
Degeneration of peripieral origin. Tiere are as yet but tiree 
or four observations. Probable tieory oftiis degeneration. 

Obntlbmbn, — As I intimated to you at our last meeting, we 
are going to*day to return to certain important facts relative 
to ascending degenerations of spinal origin ; I refer especially to 
lesion of the posterior columns. But first of all you must 
become acquainted with some peculiarities in the normal 
anatomy of these fasciculi. 

At the outset it is necessary to recognise the fact that, 
throughout the entire length of the spinal cord, the posterior 
columns described in anatomy do not constitute one and the 
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same system. On the contrary, they are decomposable into tvo 
aecondarf fasciculi representing, as it were, two systetni or 
Cleans which are perfectly distinct anatomically, and which han 
separate functions both under normal and pathological condi- 
tions. 

Now the saatomy of the two constituent Bystems of the poi- 
terior columns is based on considerations derired : (i) fern 
developmental anatomy ; (z) fromstrocturalaDatomy; (3} ao^ 
lastly, from pathological anatomy. 




Fia. 65. — Trftnsvene uctioii of the cervical cord of a ti nman 
embijo ot BIZ weeks (from Eolliker), ". c, central cuul ; x, H* 
epithelial lining; o, anterior gnj matter with a dark iincleiu, 
from which the anterior root emanatei ; a', pwterior giej matter 1 
V, anterior column j H, posterior colamu ; ca, anterior oommianm ; 
M, anterior root; b, poiterior rootj t, posterior part of anterior 
column (or lateral column);!, thin portion of neire-anlMtanca doting 
in the central canal behind. 

We shall review in succession the three orders of facta on 
which the diitinctioD in question is based. 

I hasten to remind you that the details about to follow will 
be, to a large extent, merely an outline of some very important 
raveetigations published by M. Pierret in the 'Archives de 
f)liyBiol(^e ' in 1872 and 1873, that is during the time when 
he honoured me by working under my direction. 



THCnt DRTET.OPHKNT. 



I. 

A. In the first place, a word on the development of the poe- 
terior coInmoB. 

(a) In the human embryo of six weeks, the pOBterior columoB 
•■ yet are represented only by two small bands which cap, u 
it were, the posterior cornua.^ 

These are the rudiments of the columns of Burdach; the 
median fasciculi or columns of Goll are not yet developed. 

{b) It is only towards the eighth week that the latter begin 
to appear under the form of two buds which seem to emanate 
firona the columns of Burdach. 

About the tenth week they arc always quite distinct and are 
visible throughout the entire length of the cord. 

(c) In progress of development the columns of Ooll become 
amalgamated, in certain regions, with the columns of Burdach, 
wHIioat, however, losing their identity. 

But, in the cervical region, they remain distinct, even from 

* For the sake of comporuon, we reproduoe bere the Kint-diagtammatie 
figunt pabliibed in H. CbarcutV lectnrei on ajinmetriml acUKais of tha 
l»t«nl oolnmiu (from preparations by M. Pieiret), — B. 




PlQ. 6^.— Section of the cord in a hunuui oubryo uf une muDtli, 
M.antetiarconiuai b.poilerior comuaj c. rentra! rjuial j tJ, anterior 
TOotai «, pwtorior molj; <^, antarior n>ot-»)iia; b', poateriur root- 

Pia. 6T.—8*cHaa of the cord in a hoinan embryo of lix we«kt. 
<t, b, e, Ik., u in prN«<li)i|{ flgore ; J, Utaral oolnmn. 

Fie. 68.— Section at the oord in a buman embryo of two month*, 
a, b, e, Su., •* In precoding flKana ; /, lmt«ral oolotnn ; m, oolamnt 
»f Oolt ; N. ftKicnU of Tiirck or diiMt pyramidal tntcU 
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the standpoint of macroscopical anatomy, tliat is to say, they in 
limited on each side at this level, by the inierme£ate potUnar 
fitmre* (Sappey). 

So much then for developmental anatomy. 



Fio. 69. 



Pio. 70. 




Fio. 69. — TraTmvemp Kwtion of the con) of an cmbiyo of eight 
weeks (from Kolliker), ^. h" h', projecting part of the posterior 
colamnB h H, which Buhseqaently forms the colnmiw of Goll j 
Ci, anterior commissure ; v, anterior colnmn ; o, anterior grej 
matt<^r ; o', posterior grey matter ; h, podtorior colomn. Between 
the two projections, n' h', of the posterior columns, c reprenent* 
the epithelium of the central canal. 

Fio, 70. — Transverso section of the cervical cord of nn emhrro of 
from nine to ton weeks (from Kolliker), ". B, epitheliam of 
central canal; b', closure of the canal at its porterior part; T V. 
anterior columns i n h, posterior columns 1 h'h', colnmns of Goll; 
w, anterior root; rw, posterior mot; a, ganglion of posterior 



B. Structural anatoniy, as studied under normal conditions 
in the adult, by means of sections of hardened pieces made in 
various directions, shows the following: 

(b) The columns of Goll are composed of long, parallel fibres 
formiug large comioissures which connect distant parts of the 
central grey matter. Above, this system of commissural fibre* 
ends in a ganglionic mass which is to be found on the floor of 
the fonrth ventricle and which is called the nuclei of the cohtjiau 
qf GoU. Observe, moreover, that these colnmns have do con- 



sTurrruRE of tue columns of rntnAOn. 



•in 



nectioii with the intm-apinal prolongations of the posterior 
roots. 

(A] This IB not the case with the columns of Burdach which, 
OD the other hand, are traversed b; a portion of the fibres ema- 
nating from the posterior roots. Some of these root-(ibrea, as 
soon as they reach the corilj at once enter the grey matter nf 
the posterior cornua ; others proceed only to the grey matter 
in the region of the cerviJ' omit paxteriorit, after a much 
longer course, and when they have traversed the columns of 
Burdach, where they describe a curve with the convexity 

(c) But the group of root-fibres proceeding from the posterior 
roots is far from constitutiug iu itself the whole of the columns 
of Burdach. The great bulk of these columns is made up, on 
the contrary, of vertical or arciform fibres which arc much, 
■borter than those iu the columns of Qull, and which interlace 
in very various directions. 

Such is the special constitution of the two fasciculi of the 
poaterior columns, as shown by the direct study of the arrange- 
ment of their nerve-fibres. 

C. You huve Just secu, gentlemen, that developmental and 
•tractural anatomy agree in demonstrating the mutual iudc- 
pendeace of these two fasciculi. 

The following is a new proof which, this time, is supplied to 
tu by pathological anatomy : 

(o) III certain cases, the column of Goll in iu whole ext«iit 
booomea affected separately and systematically, without the 
e(dnrons of Hunlach being in any way involved. This was 
demonstrated by M. I*ierret in a case which occurred in my 
practice. The same fact has been since noted by other obsi-r- 
?ers, who hnve invariably described the fasciculus as clearly 
defined throughout the entire length of the cord. In ilie 
lumbar region, it appears in transverse sections nndcr the forni 
of two small noduics eircumscribcd on all sidef by the fibres 
of the columns of Burdach. Both fasciculi in this region 
possess, indeed, great importance, chiefly by reafton of the large 
nnmber of posterior root-fibres which they receive. In the dorsal 
region, ou the contrary, the median faxcleuli Kurpass the columns 
of Burdach in size. Lastly, in the cervical region the columns 
of Bnrdacb once more usume ootuiderkblc dimensions ; but 
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the columns of GoU are not, oil that acconnt, less TOlamincni. 
It is indeed of great importance to observe that this ia the legin 
where they are moat distinctly marked off from neighboniii^ 
parts, in consequence of the very great depth of the intermediate 
posterior fissures. I wish also to remind you inindentally that 
the symptoms observed in cases of system lesions affecting 
only the columns of Goll, are not those of pro^reniTe loco- 
motor ataxy. 

(b) The remarks just made with reference to the colnmns of 
Ooll are equally applicable to the columns of Bordadi. Tit 
latter are also liable to undergo separate or autonomoos dege- 
neratiouj without any participation of the columns of OoU. 
Thus, in a patient who presented all the symptoms of locomotor 
ataxy, both in the upper and lower extremities, the column* of 
Burdach alone were involved throughout the entire length of 
the cord. The columns of GoU were absolutely iatact. The 
same fact has been since noticed in several other obaerratiooi. 



Fig. 7: 



Fro. 73 




FiQ. ■31. — A, BcleroBU of the whole of ttie pcetarior oolimmi 
(colamns of Ooll and root-zones). Ordinorj locomotor ataz;. 

Fro. 7*. — B, sclerosis of Loth posterior root-zone* (columiu of 
Goll are unaffected). Locomotor ataij. 

Fio. 73.— c, Ecleroiia limited to the columns of Goll. AacenOmg 
degeneration. 



(c) We are now in a position, gentlemen, to anderstand the 
peculiar disposition which a lesion of the posterior colnmni 
presents when it results from pressure exercUed by a tumour, 
if we bear in mind that this compression would have the effect 
of destroying, at some point in their course, the fibres of the 
colamns of Ooll and of Burdach. 

The lesion, when affecting the short commistnral fibre* of 
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the coluQiDs of Btirdach, causea upward degeneration of limited 
extent in these columns, and we shall see preaentl]' the reason 
why this degeneration is ascending. Lastly, the same lesion 
involving the long commissural fibres of the columns of Qoll 
likewise determines ascending degeneration of these columns, 
which may be followed throughout the entire extent of the 
■pinal cord as far as the floor of the fourth ventricle. 

[d) If now, instead of a case of compression, we imagine one 
of partial transverse myelitis limited to the posterior column, 
the result will be absolutely identical as soon as the continuity 
of the fibres has been interrupted. 

On this point, I will ask you to remark, gentlemen, that the 
most usual disposition of the lesions in locomotor ataxy agrees, 
with the exception of a few modifications, with what has just 
been said on the subject of ascending degeneration. 

The essential lesion originally affects the radicular fasciculi 
throughout the entire length of the dorso-lumbar region ; 
but, since this is pre-eminently an inllammatory process, the 
leaioQ does not remaiu limited to its focus of ongiu. It 
gradually extends in all directions, in part following the course 
of the narve-fibrcs, in part the connective tissue, and so gains, 
ou one side, the posterior coruua, and on the other the columns 
of Goll. The consequence of this extension is that the fibres 
of the columns of Ooll, being affected in the lower part of 
their course, degenerate from below upwards, in the same 
manner as iu the cose of direct compression. The lesion thus 
produced may be followed, as we have just said, as far as the 
Soor of the fourth ventricle. 

Such, gentlemen, is the common lesion of locomotor ataxy, 



< 



that met with ninety-c 
■aocomb to this disease. 



If 



! times in a hundred patients who 



II. 



We must interpret the secondary degenerations constituting 
the third group which now remains for consideration, according 
to the principle stated with reference to common locomotor 
•taxy. 

Side by aide with secondary degenerations of cerebral k 
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spinal origin^ the descriptive account of which is now at an 
end^ we mast place^ as I told you^ the group of secondary dege- 
nerations of peripheral origin. 

At the present time^ this group is made up of three or four 
observations only^ but it is probable that some day it will 
assume some importance. I shall therefore limit myself to 
quoting as examples^ the observations of Cornil^ which are the 
earliest in date^ and that of Th. Simon. ^ 

In all the cases hitherto noticed^ the lesion was situated 
external to the spinal cord on the roots of the horse's tail, 
above the ganglion ; it consisted of a sarcomatous or myxoma- 
tous tumour^ which united and compressed the nerve-fascicalL 

There is no doubt^ gentlemen^ that the spinal lesion^ in the 
observations to which I allude^ was dependent not on lesion of 
the anterior roots^ but of the posterior roots. 

The consecutive degeneration had the following charac- 
teristics: (i) it occupied the posterior columns exclusively; (a) in 
the lumbar region, the posterior column was invaded in itswhok 
transverse extent; (3) but above this region, the column of 
GoU alone was affected, and that throughout its entire length, 
that is to say, as far as the floor of the fourth ventricle. 

You see that, as regards topography, this is a fairly exact 
reproduction of the lesions in ordinary ataxy. 

Now, the following should be the state of affairs, at least 
theoretically and according to the principles we previously 
formulated. Conformably to Waller's law, the posterior roots 
degenerate above the lesion upwards towards the cord, and the 
degeneration of these fibres may be followed in their intra- 
spinal course, that is to say, in the substance of the columns of 
Burdach. As soon as the lesion assumes an inflammatory 
character, it extends to the short commissural fibres of the 
column and by degrees reaches in the lumbar region the 
column of Goll which, according to rule, undergoes ascending 
degeneration in its whole extent. 

If this matter is in harmony with theory, we ought to find 
at the autopsy, in a recent case of secondary degeneration of 
this kind, a lesion limited to the columns of Burdach and not 
yet involving the columns of Goll. 

The future will show if this is really the case. 

* 'Arch. f. Psych, v. WcBtphal.,' v Bd., 1874, p. 1 14. 
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TKANSLATOirS NOTE TO CHAPTER Vlll. 

Iv a paper read before the Medico-Chirurj^ical Society of Edinburgh on 
Harob and, 1881, Dr. Grainger Stewart describes certain changes in the 
•pinal cord, which he believes to be secondary to disease of the peripheral 
nerves.* 

The affection has usoally an acute onset, and is attended by some amount 
of fever. Sensory disorders, such as pain or, more commonly, numbness and 
tingling, are the first to appear. Sensation is retarded and blunted, contact 
is painful, and localisation of impressions imperfect. Both hands and feet 
are usually affected simultaneously. Paresis affecting the distal parts 
speedily ensues, spreading up the limb from one group of muscles to another. 
Voluntary motion is either absent or diminished. The power of flexing and 
extending the toes and fingers may be absolutely lost within even a week of 
the commencement of the disease. Later on the arms and legs may become 
quite paralysed. Trophic changes, such as rapid muscular atrophy and blue- 
ness, congestion or glossiness of the skin, sometimes oedema, are apt to make 
their appearance. Bladder and rectal troubles are rare. The knee-jerk 
disappean early, but ankle clonus may be present, even after the patellar- 
tendon reflex is lost. The skin reflexes are usually absent or diminished. 
Sometimes, however, they are exaggerated, when a strong stimulus is applied. 
There is no disturbance of the intellectual functions. The morbid process 
may not reach its highest development for weeks or months, but sooner or 
Liter recovery generally takes place. 

Dr. Grainger Stewart gives the chief clinical features of the disease in the 
following words : — *' The co-existence of symptoms referable to the sensory, 
the motor, and the trophic functions of the nerves, the localisation of the 
symptoms in the feet and hands, the intensity being greatest at the most 
distal points, and the affection corresponding to certain districts of the 
extremities, and not to the distribution-areas of particular nerves." An 
opportunity of ascertaining the pathological nature of the disease was afforded 
by the death of one of the patients from acute pneumonia. The median, 
ulnar, and tibial nerves showed very marked changes, whereas the cords of 
the brachial plexus and the great sciatic nerve appeared normal. The altera- 
tion seemed to consist in swelling of the axis cylinder, with subsequent fatty 
degeneration. In part of the cervical enlargement, and to a less extent in 
the lumbar enlargement, both columns of Goll were affected, together with 
the most superficial and posterior part of the lateral columns, including part 
of Flechsig's cerebellar tracts. The grey matter and nerve-roots were not 
involved. It is curious to note that the spinal degeneration was evidently 
not propagated by direct extension of the morbid process from the nerves. 
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LECTURE IX. 

SECX)NDABT DEGENERATIONS OF SPINAL AND CEBEBRAL 
ORIGIN IN RELATION TO WALLER'S LAWS. EXPBRI. 
MENTS OP SCHIEPFERDECKER, FRANCE AND FITRES. 

SuMHART. — Tie rationale of secondary spinal degeneraiianM u ideih 
tical with that of the Wallerian changes. Wallet^ s laws. 

Descending and ascending degenerations. Fasciculi wtiA 
degenerate downwards are comparable to the centrifugal nerves 
from the anterior roots. Fasciculi degenerating upwards 
resemble the posterior roots. 

Experiments of JFestphal, Vulpian, and Schiefferdeeher. IniUd 
period of degenerations. Experimental degenerations are m 
every respect identical with pathological degenerations in «km. 
The pyramidal tract in the dog is not a compact bundle. Tie 
degenerated fibres are diffused through the antero-lateral 
column. 

Experiments ofFranck and Pitres. Degeneration in the internal 
capsule consequent on removal of the sigmoid gyrus. 

Special exception in disseminated sclerosis. Histological ded^ 
deratum. 

Obntlemen^ — The study of secondary degenerations, which 
we hope to complete to-day^ has hitherto been almost exclusiyely 
descriptive. We have^ indeed, nearly always noticed and 
described^ but^ as a rule have explained nothing. Althoughj 
for example^ we know that degeneration of certain fasciculi of 
the cord constantly takes place in an ascending directionj 
whereas degeneration of other fasciculi invariably occurs in the 
inverse direction, we are absolutely ignorant why this is so 
and on what principle the law is based. 

Ought we to remain content with these ideas which^ in a 
manner^ are merely empirical ? Or^ on the other hand^ ahould 
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e mther attempt the conatrnctioa of a pathogenic theory of 
secondary degeuerationa P 

This is the point which ire shall now proceed to inquire into. 



authors agree to-day, gentlemen, in allowing with M. 
jfaard that the jiaradt^ni of secondary spinal (le^enerations 

Tio be sought for in the domain of the peripheral nerves, 
^lis question haa reference to a series of facts which were dis- 
covered from 1849 to i8j8 by Waller, the English physiologist. 

On these facts there is based what is called the WalUrian 
Law. I shall be brief on this subject, which appertains, how- 
ever, both to physiology and to pathology, since I shall take 
the opportunity of returning to it shortly. 

Moreover, you will Rnd in Claude Bernard's lectures on the 
Physiology of the Nervous System all that relates to this 
question, which for the moment I shall merely recall to your 
remembrance.' 

Waller's theory is founded on the general fact that when a 
DCrve is divided so as to separate it from its centre, it degene- 
rates in a definite direction. Hence, if a mixed spinal nerve 
be cut below the union of the two roots, the peripheral end 
iavariably degenerates throughout its entire length ; and this 
degeneration attacks the centripetal as well as the centrifugal 
fibres which compose it. 

The cause of the maintenance of vitality in the nerve>iibres 
or, in other words, their trophic centres, should, therefore, be 
looked for in the direction of the neuro-asis. But where are 
they actually situated? Tn order to discover them, it is 
necessary to make methodical sections, both of the anterior 
ftod of the posterior roots, at various points in their course. 

(1) Section of the anterior roots, wherever made, is always 
followed by degeneration of the peripheral end, the central 
part remaining intact. Therefore the trophic centre of these 
roots and of the ncrvc-tubes proceeding from them is in the 
■pnal cord, "probably," said Waller, "in the grey matter." 
■ CI. Bvrnsnl, ' Ltffani (ur U pliyiiologie «t la pathologi* da •ystJu* 
t i, p. 13:. 
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Thauks to recent researches in pathological anatomy, we can ssj 
to-day^ with much greater precision, that it is in the anterior 
'Cornua, and still more definitely, in the so-called motor cells. 

(2) Does this apply to the posterior roots ? Decidedly not. 
We come now to the most original and most unexpected part 
of Waller's discovery. When a section is made in the oonne 
of the posterior root, the part which degenerates is not the 
periphery of the root, that is to say, the portion next to the 
ganglion, but the central part or that connected to the ooid. 
The degeneration may be followed throughout the entire extent 
of the intra-spinal course of the radicular fasciculi as far as the 
grey matter, so that the trophic centre for the seusitife 
nerves must be sought for in the inter-vertebral ganglion. 
This is true, for on extirpation of the ganglion def^eneration 
attacks the entire root and also all the centripetal fibres of the 
mixed nerve. 

You will readily understand, gentlemen, without it being 
necessary to insist further on this point, the application which 
can be made of these facts to secondary spinal degenerationi. 
The fibres of the fasciculi which degenerate downwards, below 
the point of lesion, are comparable to the centrifugal nervei 
proceeding from the anterior roots. Of this number are : — (i) 
the pyramidal tracts made up of fibres, of which the trophic 
centre would be in the pyramidal cells of the cortex in the 
Rolandio region ; (2) the short fibres of the lateral columm, 
which arise from above downwards at various points of the 
central grey axis. The fasciculi which degenerate upwards are, 
on the contrary, analogous to the posterior roots, the trophic 
centre of which is peripheral. 

In this class are: — (i) the direct cerebellar tracts, the 
trophic centre of which is in the cord itself, whereas their ter- 
minal centre is in the cerebellum; (2) the columns of Goll, of 
which the trophic centre occupies the grey matter in the lower 
regions of the cord and the terminal centres correspond to the 
grey matter iu the medulla oblongata. Lastly, the same 
interpretation applies to the short commissural fibres of the 
columns of Burdach, which likewise undergo ascending degene- 
ration. 
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II. 

Tbe analogy which we have just drawn between the resultB 
of Waller's experiments and the facts of pathological anatomy 
relative to secondary degenerations, plausible as it may appear, 
would be still more legitimate if these degeaeratious of the 
nerve- fasciculi could be faithfully reproduced by experiment, 
as in the case of divided nerves. 

Now, gentlemen, recent works tend to show that this can 
really be effected. Secondary fasciculated degenerations, both 
of cerebral and of spinal origiOj may be reproduced experiment- 
ally in animals. 

In the first place, let us consider secondary degenerations of 
spinal origin. The early attempts made by Vulpian and 
Westphal did not yield decisive results. As you will see, this 
depends on circumstances which cannot be foreseen at the 
outset. The spinal cord of the dog, which is the subject of 
most experiments of this kind, although made on the model of 
the human cord, is nevertheless distinguished from it by some 
anatomical peculiarities, the main features of which I am about 
to impress on you, by relating the labours of the last author 
who has written on experimental secondary degenerations. 

I refer to Schiefferdecker's researches, which were published 
in Virchow's 'Archives' for 1R76. The author had at his 
disposal about a hundred dogs which had been employed in the 
experiments of Goltz and Frensburg. The material was quite 
exceptional, not only by reason of the number, but also of the 
peculiarities of the subjects. These animals, indeed, in which 
tbe cord had been cut across at the level of the twelfth dorsal 
vertebra, contrary to what generally takes place after such a 
mutilation, had by careful attention been preserved fur several 
ireeks and even months. 

After death, by examining hardened sections, the ascending 
and descending degenerations were systematically investigated. 

The following, in a few words, were the principal results 
obtained : 

In the first place, degeneration was a constant fact, exactly'as 
in the case of divided spinal ngf^es.. The. appearance of the first 
traces of the morbid process coiiM be flscd', B^s' to date, with a fair 
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amount of accuracy. In the first week even, indications were 
often already visible ; but, after a fortnight, the result was abso- 
lutely unmistakable. At the end of four or fire weeks, the 
highest degree of degeneration was reached. With reference to 
this point, I will ask you to observe that, in man, the earliest 
signs of secondary degeneration can be recognised only after an 
interval of one or two months. But we must remember, 
gentlemen, that, from the force of circumstances, obaervationi 
on man are much less numerous than they were in the case of 
the animals studied by Schiefferdecker. 

As regards the distribution of the degeneration, both ascending 
and descending, it is, according to Schiefferdecker, nearly the 
same as in man ; there are, however, in the dog, a few peca- 
liarities which, with your permission, I shall briefly indlci 
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Fio. 74. — i, BBction of cord below tho lesion ; b, section ot cord 
above the lesion. At a tbe deBi'ending sclerosis is seen to be dif- 
fused in the antero-lnteral column, eieept at the anterior part, where 
the degeneration is accurately circumBcribed to the fasciculi of 
Tuick. B shows degeneration of the coliuunB of Goll and direct 
cerebellar tracts. 

(i) In the case of ascending degeneration, the lesions are 
perfectly identical with those seen in man under similar 
circumstances, viz. ascending degeneration of the columns 
of Goll and of the postcro-lateral parts of the lateral columns, 
corresponding to the direct cerebellar tracts, 

(2) But the descending degeneration, when compared with 
that seen in man, exhibits some peculiarities. It may be said, 
indeed, that the pyramidal fibres do not usually form, as in man, 
compact bundles. The fibres of the direct pyramidal tracts are, 
however, exceptional. Throughout the rest of the autero-lateral 



LE8I0K OF THE SIGMOID GTEUS. 227 

columns fibres capable of degeneration are distributed in small 
numbers. Nevertheless, they become collected so as to form a 
group somewhat more compact, in the pyramidal region of the 
lateral column ; and at this point the fibres undergo degenera- 
tion in a long course, whereas, elsewhere, thej degenerate only 
in a short course. Briefly, mulaiis mulandit, these secondary 
degenerations of spinal origin, whether asceudiog or descending, 
are absoluttly comparable to those occurring in man. 



III. 

What has just been said of secondary degeneratious of 
spinal origin may be applied to secondary degenerations of 
cerebral origiDj which can likewise be artificially produced ia 
the dog. First of all, it is necessary to recall to your minds 
■what we have already stated as regards the motor convolutions 
of this animal. What are the parts homologous to the 
Bolandic regions in man ? This, gentlemen, is a point on 
which comparative anatomy does not, at present, seem to be 
definitely decided. Be this as it may, experiment has shown, 
on the surface of the dog's cerebrum, excitable motor regions 
which functionally have the same signification as the Rolandic 
convolutions. These motor regions in the dog are, as it were, 
grouped around the crucial sulcus and, for the moat part, 
occupy a convolution described under the name of sigmoid 
Sn/rut. 

You are aware, gentlemen, that the lesions, which have 
hitherto been made with the purpose of determining secondary 
degenerations in the dog, have afi'ected little else but the cortex 
and subjacent white matter. But it is extremely probable that 
the result would be identical if the lesions involved the corre- 
eponding regions of the internal capsule. In short, when the 
sigmoid gyrus is removed from the hemisphere, secondary 
degeneration takes place in the dog just as in the case of a 
lesion affecting a part of the motor regions in man. In this 
respect, I shall content myself with quoting a few experi- 
mental obEcrvations. (i) Gudden's observation, in which a 
lesion of the internal capsule in a young dog was accompanied 
by degeneration in the medulla and spinal cord ; (2) an 
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observation of M. Volpian^ who noticed, five months after 
removal of the sigmoid gyrus, atrophy with secondary degen^ 
ration of the corresponding pyramid ; (3) laatly, the obserfip 
tions of MM. Franck and Pitres,^ who make mention of 
absolutely identical results. 

In addition, gentlemen^ it is by no means uncommon to see 
certain lesions become developed spontaneously in the sigmoid 
region of the dog, and^ under such circumstances, the existence 
of secondary degeneration has been several times remarked. 

In M. Issartier's recent thesis you will find some cases of 
this nature, which have been referred to by MM. D^erine, 
Carville, and Duret. 

MM. Franck and Pitres, to whom we owe such importsnt 
researches bearing on all the questions we are now discussiDg, 
have proceeded still farther. They tried to study the progren 
of the morbid process by means of experiment. It is now i 
matter of scientific truth that there exists in the hemisphere 
below the sigmoid gyrus, the excitable part of the cortex, i 
triangular, tongue-shaped process of white matter, which con- 
nects the cortical grey substance to the internal capsule, and 
which, as in the case of the cortical region, whence it is derived, 
responds to experimental stimuli, whilst all other parts of tbe 
hemisphere are deficient in this property. 

Now, gentlemen, the apparent result of the experiments of 
MM. Albertoni and Michieli is that this white fasciculus loses 
its irritability four days after removal of the sigmoid gyms. 
Thus separated from the cortical trophic centre, its fibres 
become deprived of their physiological properties, exactly as in 
the case of a peripheral nerve. ' MM. Franck and Pitres have 
corroborated these results. Even before the lesion is appre- 
ciable, it certainly is already in existence, since it reveals its 
presence by loss of the peculiar endowments of nerve- elements. 

Consequently, gentlemen, as you perceive, everything admir- 
ably concurs in supporting the theory which I have asked you 
to accept. Nevertheless, I must not conceal from you the fact 
that there is a black cloud on the horizon. I refer to a well- 
known exception whichi at least up to the present time, seems 
toj^contradict the law. Lesions in disseminated sclerosis, even 
when very extensive, do not produce secondary degenerations 

^ See Issartier's 'Inangural Thesis/ 1878. 
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I have preyiously put forward the hypothesis that this is refer- 
able to the prolonged persistence of the axis-cylinders in the 
patches of moltilocnlar sclerosis. But I did not guarantee the 
absolute truth of my explanation^ which^ however^ is based on 
the observation of an actual fact. 

It may be that some secondary degenerations^ for want of an 
adequate examination, pass undetected. Whatever may be the 
hypothesis^ I believe that it will be necessary to revise in this 
respect the pathological anatomy of disseminated sclerosis. To 
this pointy however^ I shall for the present merely allude^ since 
we shall doubtless have the opportunity of returning to it 
subsequently.^ 

^ In a recent oommunioation to the Soci^t^ de Biologie, MM. Franok and 
Ktrts have shown that degeneration of the pyramidal tract in the dog may 
assume the same anatomical characters as in man. It wonld seem, therefore, 
that the fibres of the pyramidal tract are collected, up to a certain point, 
into a fadrly compact gronp. The following, however, are the conclusions 
from the researches of MM. Franck and Pitres : 

" In the dog a cortical lesion situated in the motor zone may be followed 
l^ secondary degeneration of the spinal cord." 

'* This degeneration, which %$ anatomieaUy idmUieal vnih thai ocomrimg 
MS man under the $ame eirewnttaneet, differs from it as regards symptoma- 
tology in the fact that it is not accompanied by muscular contrscture."— 
* Pxogr^ Medical,' 1880, p. 147. 

See also Tripier's " De I'anesth^ie produite par les l^ions des oiroonvo- 
lutioaM odrdbrales," ' Bevue mensuelle de m^ecine et de chirurgie,' January 
loth, 1880. 



LECTURE X. 

DETERMINATION OP THE COURSE OP THE WHITE PASCICUU 
IN THE SPINAL OORD BY THE STUDY OP SEOONDABT 
DEGENERATIONS. EXPERIMENTAL ANALYSIS OP THE 
FUNCTIONS OP THE PYRAMIDAL TRACTS. 

Sumc ART. — All the wAite/aseicuU of Ike card are capable qfifeUm 
degeneration. Dictgram of the faedculi : {a) with longfiirt*: 
if) with Bhortfibree. 

Intrinsic fasciculi of the posterior columns: colunms of Burdock 
and of OolL 

Extrinsic fasciculi : direct cerebellar tracts. 

AnterO'lateral columns : intHnsic fasciculi ; extrinsic fasdeuU 
(pyramidal tracts). 

Results of experimefU. Can the antero-lateral columns be stimW' 
lated ? The irritability of the pyramidal tract in man is 
manifest throughout its entire cerebrospinal course. 

Experiments of Vulpian and Schiff. Spinal hemisectums. 
Woroschiloff^s vivisections. Influence of the pyramidal trad 
on the reflex activity of the spinal cord. The pyramidal tradi 
are the conductors of voluntary impulses. 

Oentlemen^ — You have doubtless not forgotten the proposi- 
tion which I stated at the very beginning of our investigatioiii 
on secondary degenerations. These lesions, I told you, are 
interesting not only from the standpoint of pure pathological 
anatomy, but are the causes during life of special functional 
disorders superadded to the symptomatology of the primary 
lesions which have given origin to them, and that sometimes 
the secondary even obscure the primary symptoms. On these 
grounds they are worthy of the careful attention of clinical 
obaeirers. The moment has arrived for justifying our assertioiL 
and for exhibiting the practical side of the delicate and comph- 
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cated studies which we have hitherto pursued. It is, then, the 
clinical aspect of secondary degenerations which we are now 
about to coDBider. But, before approaching this subject, there 
are still two points to which, aa a preliminary, I would call your 
attention for an instant. 

In order to grasp the nature and origin of the functional 
diftordera allied to the descending degenerative lesions of the 
various spinal fasciculi, we ought doubtless to make special 
appeal to the pathological data which we have so carefully col- 
lected on all points relating to these lesions. 

But this would not suffice to conduct our enterprise to a 
satitfactory conclusion. 

(i) Wc must, indeed, be decided on some points relative to 
the structure of the spinal cord, the arrangement of the nerre- 
fibres and the cellular elements, their mutual relations. Sec. It 
U true that in our progress we collected a certain number of 
facts having special reference to this subject ; but now it is, I 
think, important to consider the question not partially, but aa 
a whole. 

(2) On the other hand, we must use the data supplied byex> 
periments with reference to the physiology of the spinal 
fasciculi. 

It is true that, so far as man is concenied, the anatomo- 
cUnical method is alone capable of leading ua to a final decision 
aa to the physiology of the various parts of the nervous system ; 
it is equally true that experiments on animals furnish data of 
great importance, by indicating the path in which onatomo- 
eUoical investigations should he directed. 

I shall, therefore, begin at once with the first point. It has 
ottftn been said that morbid anatomy sometimes throws tight on 
normal anatomy, and that it may then even decide questions 
which the latterwould be incapable of resolving by itself. The 
palhological anatomy of secondary degenerations partly 
jastificB this statement. As regards the arrangement of the 
constituent elements of the spinal cord, it doe*, indeed, supply 
iorormalion which is certainly not inferior in worth to the facta 
of pure anatomy ; sometimes it is even of much greater valne. 

I wish to lay before you brieily the following general ideas 
coDoeming the structural anatomy of the spinal cord. 



J 
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I. 

You have been enabled to infer from what has preceded ihit 
tbe white faaciculi which enter into the formation of the tpinil 
cord undergo secondary degeneration when their oonatitaeQt 
fibres are interrupted in their course. Now, in this respecti we 
must make a two-fold division. 

A. Some of these fasciculi are composed of long fibres, dist is 
to say, of fibres passing lengthwise and uninterruptedly throagli 
the neuro-axis. These latter are the seat of what we may call 
long-course secondary degenerations. 

Of this nature are: (a) the pyramidal tracts (descending 
degeneration) ; (b) columns of Gt)ll (ascending degeneration) ; 
(c) direct cerebellar tracts (ascending degeneration). 

B. Other fasciculi are made up of short fibres. In this daas 
are : (a) the antero-lateral columns, or rather, what is left of 
them after abstracting the pyramidal tracts and the direct cere- 
bellar tracts. They undergo degeneration firom above down* 
wards, {b) The special fibres of the columns of Burdach, which 
degenerate from below upwards. In both cases the d^enen- 
tion is short-course. 

If, now we are provided with these data, we consider the 
constitution of the entire cord, we may construct the following 
scheme, which, moreover^ does not materially differ from that 
described by M. Bouchard in the work to which I have already 
several times referred you. 

The spinal cord may be looked upon as essentially made np 
of a grey axis, around which all the other parts are grouped. 
The fundamental parts of this axis, that is to say, the ganglionic 
cellular elements, are kinesodic or motor, and asihesodic or 
those concerned with the transmission of sensitive impressions. 

These two kinds of elements are, moreover, mutually con- 
nected in a thousand ways, through the agency, it is thought, 
of a nerve-reticulum. Be this as it may, the grey axis gives 
origin in front to the anterior roots which are in direct relation 
with the cells of the anterior comua through the medium of 
the processes of Deiters. The posterior roots, on the other hand, 
are in relation with the sesthesodic cells. 

But the cord, complicated as it thus appears in its structure, 
is still far from complete. 
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Tbe point in question is to determine the relation of the gr^ 
axis to the various bundles of nhite 6bres which surround it. 

We most now consider successivclj the antero-lateral aad 
poat«riorcolumns, beginaiog with tbe latter. Of tbe component 
fuciculi of the poaterior columns some m&j be termed inlrinsic, 
others extrinsic (I employ tbe nomenclature proposed by M. 
Bouchard). The intrinsic are divided into two groups : (i) in 
the columns of Burdaclj tliu iotriiisic fibres are short com mis- 




FlO 75.— i, snlwrior fasciculi ; d, po«teriur fasciculi ; a, Rolandic 
eonTolotioDa; c. cerebellnm ; Ra, ulterior rootBj Rp, poaterior 
roola ; r. p<r)vnudal tnct ; Fc, nintrifogal intrintic fibre* (koterior 
oolnnuu) ; e, eontripctal sxliiniio GbmKditect oeTebellu tract) 1 
Ppioentripotkl intrinsic fibm (nolumnof Burtlach))0,pwteiiui'luD|; 
fibm (oolamn of Q0II). 



■ bringing into communication tbe testhesodic cells, throagh- 
ODt tbe entire length of the cord. Each fibre has its trophic 
centre below and, as j-ou are aware, degenerates in au ascending 
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direction ; {i) in the colamns of OroM, on the contrary, there 
are long commissural fibres^ likewise degenerating from below 
upwards, the trophic centre of which is consequently situated it 
a lower level than the terminal centre. 

These intrinsic fibres of the posterior spinal system have 
only indirect and, as yet, ill-defined relations with the 
encephalon. 

As regards the extrinsic elements, they are represented hj 
the direct cerebellar tracts which, at their lower extremity, 
enter the grey matter where they have their trophic centreii 
and above, the grey substance of the cerebellum, which is thni 
placed in relation with the spinal cord proper. 

In the antero-lateral columns we have also to consider the 
intrinsic and extrinsic parts. The first are represented by the 
short commissural fibres, which probably bring into relation the 
motor cells of dififerent strata. The trophic centre of these fibres 
is above the terminal centre, since they degenerate from above 
downwards. 

As to the extrinsic fibres of these fiAsciculi, they are no other 
than the direct and crossed pyramidal tracts; and, so tu 
as their direction, origin, and termination are concerned, 
pathological anatomy and experiment have been of the 
greatest service. There does not appear now to be any doubt 
that these fasciculi are, as it were, a bridge or true commis- 
sure for establishing direct relations between certain regions 
of the cerebrum and the kinesodic cells in the various parts of 
the grey axis. The origin of the fibres which constitute these 
fasciculi is in the cortex of the convolutions, probably in the 
pyramidal cells of the grey matter, where they have their trophic 
centre. 

These fibres, having traversed the encephalon, reach the 
medulla oblongata, and finally the spinal cord, without entering 
into any relations, except those of contiguity, with the parts 
through which they pass. They become gradually used up in 
their descending course through the various regions of the cord, 
where they enter into connection with the motor cells, through 
the medium of an anatomical arrangement, which as yet is but 
little understood. 
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II. 

I regards anatomy, cDough has been said. Let us con- 
sider now the physiological side of the question, and the prin- 
cipal reaulta nhich experiment has supplied as to the function 
of the white faacicuti. We shall begin with the antero-lateral 
oolumQs. 

Ideally, physiology ought to throw light on the special func- 
tiOD of each of the secondary fasciculi which developmental 
Bod pathological anatomy have tanght ua to differentiate in 
this part of the cord. Unfortunately, experimeut has not, as a 
rule, taken these distinctions into account. Nevertheless, I 
shall have occasion to bring under your notice some attempts 
recently made in this direction, and which have reference to 
Uie special function of the pyramidal tracts in the transmission 
«f Tolnutary determinations. 

(l) With respect to degenerations occurring in the antero- 
lateral columns wheu the course of these fibres is interrupted, 
we have already seen that these fibres obey the same laws as 
the centrifugal peripheral nerves. Now, may the antero- lateral 
columns be also compared with the motor nerves in their other 
properties ? Decidedly not. For we know that sectiou of the 
centrifugal nerves is followed by muscular atrophy, whereas 
interruption of the autero-lateral fibres does not entail the same 
result. 

The anterior roots are not simple prolongations of the nerve- 
tabes of these fasciculi, but are separated from them by the 
ganglionic cells, their true trophic centres. Identity therefore 
does not exist, but only some analogy. 

Are the antero-lateral columns excitable like nerves ? la 
other words, is irritatiou of ihsir nerve-fibres by mechanical, 
chemical, or electrical agcuts followed by muscular contraction, 
as happens in the case of nerves ? 

It is now, gentlemen, a well-established fact, owing to the 
rciearclies of M. Vulpian and more recently of Fick and En- 
gelken, that the antero-lateral columns, like nerves, are thcm- 
■elvea excitable. But the effects of stimulation are much less 
marked as regards the generalisation and intensity of the con- 
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tractions. It is remarkable also that yoluntary or phjtio- 
logical atimulation in this case far sarpasses ajrtificial irri- 
tation. The cells of the anterior cornaa are^ without doubt, the 
obstacle impeding the extension of the irritation to the anterior 
roots. But it is especially interesting to inquire if the pyra- 
midal columns are more or kss excitable than the anterior fiuci- 
culi. Experiment encounters very serious difficulties in these 
researches. 

Authors agree in allowing that in the dog irritability is 
most marked in the anterior fasciculi. It is possible, indeed, 
that this may be so in the dog, in which according to Schieffe^ 
decker's observations, the columns of Tiirck, appertaining » 
they do to the pyramidal- tract system, and consequently made 
up of long fibres, would be of considerable importance in thii 
respect. 

Is this, however, the case in man, in whom, on the contrary, 
the columns of Tiirck are of little consequence, the anterior 
fasciculi, properly speaking, being composed of short commis- 
sural fibres, that is to say, of fibres forming a fasciculus, the 
course of which is constantly interrupted by ganglionic cells? 
That this is so is open to doubt. Moreover, we know that the 
prolongation of the pyramidal tract in the cerebral hemisphere 
may be stimulated, and we are aware that this prolonga- 
tion assumes the form of a tongue- like process of nerve-sub- 
stance, which underlies the Bolandic convolutions and is 
endowed with very manifest irritability. It may, therefore, be 
granted that in man the same excitability must exist through- 
out the entire extent of the prolongation of these fasciculi in 
the spinal cord. 

(2) A. To-day it is a pretty generally admitted fact in expe- 
rimental physiology that the transmission of voluntary motor 
stimuli takes place exclusively through the white antero-lateral 
fasciculi. This, at any rate, is what M. Vulpian's experiments, 
contrary to those of Schifi*on this subject, seem to have peremp- 
torily established. In the frog, and h fortiori in mammak, 
section of the lateral columns in the dorsal region — ^the poste- 
rior columns and grey matter being kept intact — causes decided 
abolition of voluntary movements of the hinder parts, not only 
on the day of experiment but also subsequently. 

On the other hand, section of the posterior columns and of 
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tbe grey matter allowa voluntar}' movemeots to persist io the 
hinder limbs, 

B. It is or great importance, aUo, to consider the result of I 
flpinal homiseciioiis. Schiff*8 experiments, which were repeated 1 
by M. Vulpian and other observers, have modified, in this ' 
respect, tbe old ideas dating from the time of Gaieu. Abso- 
lutely direct transmission was then entertained, but we know 
DOW (in tbe case of animals) that it is partly direct and partly 
erossed. When you divide the lateral half of the cord id the 
guinea-pig, for example, there is at first well-marked paralysis 
on tbe corresponding side and flight paresis also on the other 
aide. But, if the animal survive, the paralysis soon diminishes 
on the side of the Lemisection, although still persisting to a 
certain extent. This has reference to the existence of commis- 
sorea uniting the autero-lateral fibres ou one side to the cor- 
reepoiiding parts on the other side. But on making a hemisection 
of tbe side which was at first respected, tbe paraplegia becomes 
complete in both extremities. Voluntary motor stimuli there- 
fore necessarily pass through the antero-lateral columns and 
through them alone. Indifferent conduction by such or such 
elements of the spinal cord, as in the case of sensibility, does 
not exist here. 

Hence, whereas transmission of sensitive impressions is still 
possible when the cord has undergone, at different levels, two 
bcmisections in eoittr.iry directions, there is in the same case 
absolute and complete motor paralysis. 



III. 



But do the antero-lateral columns as a whole really transmit 
the mandates of the will, or is this more particularly the (unc- 
tion of the pyramidal tracts? Experiment has nearly always 
reeoilcd before this analysis. " A vivisection dividing sepa- 
rately and completely the auterior or lateral fasoiculi," says 
Vulpian, "t* aearcdy conceivable."' To he convinced of this 
it is only necessary to examine the configuration of a transverse 
section of the ^spinal cord. Nevertheless, gentlemen, Woro- 
9chiloff, availing himself of the improved instruments in daily 
' ■ Dirt, oaycl. ilei »c. mW.,' Art. " Moelte." 
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use at Ladwig's laboratory^ was able to make of the rabUt*! 
cord sections of great diversity^ both as to the seat and extent 
of the affected parts. In this way he sacceeded in prodadng 
combinations by which he was enabled to infer the function of 
the pyramidal tracts in the transmission of Toluntary stimnlL 
By these means he confirmed the results previonsly obtained on 
the same subject by Miescher^ Nawrocki^ and Dittman. 

The object of Woroschiloff*s experiments was to discorer the 
influence of the various spinal fascicuU on the execution of 
some voluntary movements which are easy of analyab (leaping, 
runnings walkings &c.). The extent and eonfiguration of the 
lesions were studied by Herr Woroschiloff with the greatest care, 
on the hardened sections which he has reproduced photo- 
graphically' in the work in question.^ With your permission I 
shall relate a few of the results to which these researches hire 
led. To us they are particularly interesting^ since our great 
object, as you know^ is to determine the special function of the 
pyramidal tract. 

(i) Section of the posterior columns in no way affects volon- 
tary movements (Fig. 76).* 

(2) It is very remarkable that all the anterior half of the cord 
may be divided, without the occurrence of any modification in 
the execution of voluntary movements. It is plain, therefore, 
that the posterior half suffices for this transmission, and that 
there are no long fibres, directly cerebral, in the anterior fasci- 
culi (Fig. 77). 

(3) The grey matter may be cut through in its whole extent, 
the antero-lateral columns persisting, without any modification 
in voluntary movements being produced (Fig. 78). 

(4) If, on the contrary, the antero-lateral columns be divided 
on both sides, the grey matter being intact, the posterior ex- 
tremities are completely paralysed. This means that the grey 
matter does not suffice for the transmission of voluntary stimuli 

(Pig. 79)- 

(5) In the case of section of the posterior and lateral columns, 

the animal only uses its anterior extremities, the hinder parts 
being completely paralysed (Fig. 80). 

1 ' Berioht d. Gesellsch. d. WiBsensch. zu Leipeig/ 1874. 
' In the figures the shaded part indicates the extent of the mednllazy 
seetion. 



IbBiments. 

(6) Lastly, if the eectioii be total, oac lateral colnmn alone 
being respected, the loner extremity on the divided tide is com- 
pletely paralysed, Oa the other hand, the extremity on the 
tide where the lateral column is spared is still subservient 
to the will; when it is extended the animal draws it back 
(Pig. 8i). 
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nDSTDissioQ gf volnntsry stimuli l - ,,...^,, liit'refore, 

through the pyramidal tracts. But it is possible that this is j 
not the function exclusively of the pyramidal tracts; it repre- 
tents, doubtless, the readiest and most usual path. When, how- 
eTCTjthis course is interrupted, there are probably others which 
may obey, at least la certain cases, the mandates proceeding 
from the cerebrum. To this point ve shall have to return. 
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IV. 

In order to complete these physiological preliminariesi it 
t)iily remains for me to say a few words on the influence exerciaed 
by the pyramidal tracts over the reflex spinal activity. Our 
inquiries relatire to development have already shown us that 
the pyramidal tracts are to be looked upon as large eommii^ 
fiures^ serving to establish functional relations between the 
<^rebrum and spinal cord. The latter has a separate existence 
so long as these fasciculi are as yet undeveloped^ and up to 
this period the movements of the newly-born child are entirely 
of a reflex nature. Reflex movements, on the other hand, an 
relegated to a secondary position when the development of tlie 
pyramidal tracts is accomplished, voluntary movements hence- 
forward predominating. 

The controlling influence of the cebrum over reflex acts is, 
moreover, placed in its true light when we consider what takes 
place after section of the cord. But it is easily shown that 
this influence is especially exerted through the antero* lateral 
fasciculi. Indeed, the section may be such that sensibility it 
preserved, and furthermore, one side of the cord only may be 
^ected. The antero-lateral columns are, therefore, the con- 
ductors of voluntary stimuli. 

Nevertheless, experimental physiology has not yet decided 
whether this influence is exerted through the anterior fasdcnli 
or the pyramidal tracts. Yet we shall see that pathological 
facts settle the question which physiological experiment leaves 
undecided. 

Such are the preliminary ideas which I have considered it 
my duty to lay before you, relative to the function of the various 
spinal fasciculi, as revealed by experimental researches. We 
can now consider with advantage the clinical aspect of secondary 
degenerations. 



LECTURE XI. 

GENEBAIi SEMEIOLOGT OF SECONDARY DEGENERATIONS OF 

THE PYRAMTDAL TRACT. 

SmcMART. — Description of ike ieeondary spinal affection. Condition 
qf patient the day following an apoplectic seizure. Tie pro- 
gnoiit, wiici may be made at tie outset, is based on tie 
anatomical diagnosis of the seat of lesion. 

£sact determination of tie vascular area at the expense of which 
the cerebral hemorrhage is produced. T%e lesion may be cir- 
cumscribed or may tend to increase. The integrity of the 
pyramidal tract is the condition sine qud nonfor recovery. 

Precursory symptoms of secondary contracture. 

Provoked spinal epilepsy or ankle-clonus. Statistics. Extension 
if spinal epilepsy to tke kealtky side. Wrist-pkenomenon. 
Tendan-refiexes. 

Obntlxmkn, — To-day I purpose to consider the clinical 
aspect of secondary degenerations. In other words, I shall 
endeaTOur to lay before yoa a number of functional disorders 
which are dependent on these lesions and which serre to reveal 
their existence during life. Afterwards we shall try to arrive 
at the physiological interpretation of these symptoms, by 
utilising the facts of an experimental nature which I briefly 
stated to you in the last lecture. 



I. 

You are doubtless not unaware, gentlemen, that the question 
I am about to approach has been treated in a very brilliant 
way by Professor Bouchard, in the work of whidi I have 

16 
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already many times availed myself. The symptomatology of 
secondary degenerations is incontestably one of the most original 
features of this book. 

On several occasions, in this course of lectures, I sketched sn 
outline of the symptoms allied to secondary degenerations, Car 
the most part in complete harmony with the account given hj 
M. Bouchard, Once again the case will be the same ; neve^ 
theless, since 1866, some new facts have been introduced into 
this interesting subject, and these I shall have to bring under 
your notice. In addition I shall take the opportunity of pro- 
posing some modifications with respect to the physiolc^ical 
interpretation of the phenomena. 

The divisions of this subject, which must be established for tbe 
requirements of demonstration, are made on natural principles. 
We shall review in succession consecutive degenerations of 
cerebral origin and those depending on spinal lesions. 



11. 

In order to understand thoroughly the practical interest of 
the inquiry which we are about to undertake, it is advisable to 
consider the condition of a patient suddenly attacked with 
hemiplegia, in consequence of the formation in the cerebrum of 
a circumscribed hemorrhagic lesion or patch of softening. 

For the sake of greater precision, let us confine oar attenticm 
to the case of intra-encephalic hsemorrhage ; and let us suppose 
that the instance in question is one of some severity. Our 
remarks, with the exception of a few modifications of secondaiy 
importance, may be readily applied subsequently to the case of 
apoplectiform softening. 

I shall assume, moreover, that the patient has surmounted 
the first difficulties of the situation, and that the comatose 
phenomena and intellectual torpor of the apoplectic attack have 
already passed away. All symptoms of grave import, such as 
fever, the so-called early contracture, the erythema of the 
buttocks, if indeed they have existed, have now disappeared. 
In a word, we have reached the twelfth or fifteenth day after 
the attack, and it appears certain that, apart from any acci- 
dental complication, the patient will survive. 
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But, gentlemen, there is a very important question nluch 
will present itaelf to the physician's mind, and whicli, moreover, 
viU certainly be addressed to him by interested persons or by 
the patient himself. At this period there still exists motor 
paralysis on one side of the body, absolutely complete or 
nearly so. 

The upper extremity is quite flaccid and falls back heavily 
<Mi the bed when it is let loose after being raised, Thepatieni, 
moreover, is incapable of executiog the slightest movement 
with the various parts of this extremity. The case is the same 
■s regards the lower limb, although perhaps to a leas extent. 
Lastly, the lower facial regions on the corresponding side arc 
also alTectod. Accordingly, on the healthy side the labial 
commissure is raised, the lips at the same time being slightly 
apart ; whereas, on the paralysed side, the commissure is 
drooping and tlie lips seem thinuer. For the momeut, it is 
onncceasary to enter into further details. 

Now, the question to be decided is the following: the patient 
will live and, doubtless, recover to a great extent the nse of his 
intellectual faculties; but will he regain power some day or 
other over his paralysed Hmbs? Will he be able to use his 
band and aim, or even leave his bed, stand, or walk? Or, 
inversely, will he ever afterwards be condemucd to a motor 
impotence, depriving him of the regular use of his extremities ? 
In short, will he pass the rest of his life as an invalid, coulined 
to his room and forced to appeal to the assistauce of others, in 
order to accomplish the most essential acts of commoii life ? 

Such, gentlemen, is the problem which presents itself under 
the special conditions we have laid down. lu a case like this, 
the well informed physician, whilst endeavouring to find, by the 
cxamiDBtion of the patleut, indications which may serve to 
famish the solution of this very difficult question, will not fail 
to recall to mind, it may be even instinctively, the patliological 
and physiological knowledge calculated to eulighteu him. If 
I may so express myself, he will think anatomically and 
physiologically as well as clinically. 

He will rest satisfied with empirical facts only in the absence 
of something better, and will strive, if possible, to peix^trate the 
reason of things. We cauuot, 1 think, do better diau follow 
out this course. Let us describe, therefore, the condi 1.1011 of the 
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affected parts in the patient nnder our obseiration, and upon 
whose future we are called upon to pronounce. 



III. 

This will lead us to a digression^ but I have no doubt thit 
after traversing the bye-path through which I am about to 
guide you^ the task we have in hand will be made the eaner. 

You have not forgotten that in the instance we have seiectei 
the question is one of intra-encephalic haemorrhage in its moit 
common form. Where is the lesion situated? What psrti 
has it compressed only? What parts has it destroyed? 
Ninety-five times in a hundred^ perhaps^ the state of affun 
will be such as we are about to describe. 

Let us recall some of the anatomical peculiarities which the 
region of the central masses offers to our consideration^ for it 
is here that effusion takes place in the great majority of 
cases. 

Let us once more examine the horizontal section wbidi I 
have already several times brought under your notice. TUt 
time I shall particularly call your attention to the relations of 
the lenticular nucleus. Internally^ it is bounded by the internal 
capsule ; externally^ by another white tracts the external capsnk^ 
which separates it from the claustrum {avant-mur) and from 
the region of the island of Beil. 

Now^ gentlemen^ it may be readily shown in specimeni 
which have been thoroughly hardened in alcohol that tlie 
external surface of the lenticular nucleus^ especially in iti 
anterior third, is only very loosely united to the external 
capsule. In fact^ there are no intimate anatomical connectiotta 
between this white band and the outer aspect of the grey 
nucleus. At this point there exists a kind of potential ventricle; 
and if, as Gendrin long since observed^ the formation of san- 
guineous effusion in ordinary cases takes place first in this region, 
the reason is not difficult to understand. Moreover, to this same 
region belong the nutrient arteries, degeneration of which makes 
ready the way, as it were, for intra-encephalic hemorrhage. 

If, guided by M. Duret's important labours, you study the 
arrangement of the nutrient arteries of the central maaaea in a 
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brain which has been previously injected, your attention will 
be especially called to the following points. 

The most important of the arterioles proceed from the 
trnsk of the Sylrian, from which ttipy arise perpcndiculorly, 
to penetrate the nerve-mnttcr of the anterior perforated 
space. 

We see here a number of small apertures, each of which 
gives passage to one of these arterioles. Notice particularly 
that, contrary to what holds good with respect to the cortical 
reuels which go to supply the grey matter and underlying 
white substance, the Tcssels penetrating the substance of the 
central masses are not, as regards their structure and calibre, 
capillaries, but true arteries. 

The arrangement which the lenticulo-striate vessels present, 
as soon as they have entered the substance of the central 
masses, may be readily demonstrated by a very simple dissection. 
The cortex of the convolutions of the island of Rcil, the sub- 
jacent white matter, the claustrum, and lastly, the external 
capsule are removed in succession. In this way, the convex 
surface of the third segment of the lenticular nucleus is laid 
bare, and the lenticular arterioles are seen to be distributed fan- 
like over this surface. The largest of these vessels are those 
lying most anterior. They are alt directed from before back- 
Tsnls and from below upwards, and enter the substance of the 
nttdeiu towards its upper extremity, where they are lost to sight. 

Id order to display the further course of these vessels and 
their rami^catioDs in the substance of the grey nuclei, it ii now 
necessary to make transverse sections through these nuclei. The 
examination of one of these special sections will sufSce for the 
porpow we have in view. The section in question ii taken a 
little in front of the chiasma. Here is seen one of the largest 
striate arterie*, which is of the greatest importance by reason 
of its fundamental rile in the cerebral bomiaphere. After 
penetrating the interior of the third segment, it crosses the 
upper part of the internal capsule, and reaches the caudate 
nodcus. The other arterioles are diMposed almost exactly after 
Ibe same plan. They arc terminal arteries, or, in other words, 
they neither communicate one with another, nor with the 
cortical arteries. An injection jiropclled with a moderate 
of force readily cbosm their rupture and produces 
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minute eztravaBatioiiB Bimilar to those seen in cerebral 
luemorrhage. 

Lastly^ gentlemen, they are particularly liable to that Tarietj 
of degeneration which leads to the formation of miliaij 
aneurysms, the preparatory lesion of ordinary intra-eneephalk 
haemorrhage. 

It is very common in patients who have been formeriy 
attacked witli apoplexy from cerebral luemorrhage^ to extract 
firom the apertures of the perforated space a consideraUe 
number of arterioles presenting miliary aneurysms. 

When lisemorrhage takes place from the arteries thu 
degenerated — and this is of very frequent occurrence— the 
blood is effused into the potential ventricle^ of which we 
spoke just now, between the lenticular nucleus and the extemil 
capsule which is found to be separated. In this way are formed 
those flattened-out foci which, after the effused blood is absorbedi 
appear as linear ochreous cicatrices bounding the external 
aspect of the lenticular nucleus. 

When the haemorrhagic lesion in question is still recent, 
even though the effusion be inconsiderable, it will necessarily 
displace the grey nuclei towards the ventricles, in consequence 
of the greater resistance offered by the walls of the craniom 
towards the island of Reil. 

You see, then, that if matters remain thus, no important 
part will be destroyed ; the internal capsule, in particular, will 
be only compressed indirectly. In a case like this^ notwith- 
standing the intensity which the early symptoms may presoit, 
the patient, if he has resisted the effects of shock, will recover, that 
is to say, he will regain sooner or later nearly perfect movement 

But^ on the other hand, the lesion may increase and extend 
in the direction of the arterioles ; it may pass through the 
internal capsule, and lastly, penetrate the ventricular cavities. 
If such an accident occurs, the case is one of great gravity. 
Most usually the patient succumbs, and thereby the question ii 
solved. 

Even though extravasation into the ventricles does not take 
place, if the fibres of the capsule are merely torn^ howerer 
slightly, the rent may involve the pyramidal- tract fibres^ thecaae 
is nevertheless very serious ; not so far as the patient's life is 
concerned^ which is by no means endangered from this dzciun 
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stance, bat aa regards the return of movement in the extremities 
affected vith hemiplegia. The integrity of these movements 
is, then, without doubt definitety compromised. 

In fact, gentlemen, a destructive lesion of this kind neces- 
sarily involves the development of a descending spinal lesion, 
which in its turn, as we are about to show, inevitably entails 
more or loss complete persistence of motor impotence in the 
paralysed limbs. 

Accordingly, you see that the question of a few millimetres 
more or less in the extent of the lesion in a certain direction 
is not an unimportant matter. So long as the pyramidal -tract 
fibres are spared, whatever be the size of the lesion, the mischief 
is reparable. This is no longer the case if the fibres of this 
tract are not only compressed, but have und^gone destruction 
at some part of their course. Such is a brief account of the 
coadittoa of affairs. 



IV. 

bough has been said with respect to pathological anatomy, 
t question now presents itself to us in the following terms. 
■lit possible to discover by certain clinical characters in 
Ota who have been suffering from hemiplegia for fourteen 
, days that the pyramidal tract has undergone de- 
tion at some point of its course, or, in other words, does 
ttdary degeneration reveal its presence by characteristic 
|rtoms? 

Ibe aoswer, gentlemen, may be made in the affirmative. It 

Bin that the existence of secondary degeneration, under 

|f«onditionB ve have laid down, may be usually recognised, 

■ great revealing symptom in this respect is that collection 

■{HienomGna, which is commonly known by the name of late 

leture in kemipieific palienis. It behoves us, then, to give 

('earoful attention to this remarkable symptom. But it does 

t' exist as a constant phenomenon and in anything like a 

■ire manner, until about the second or third month after 

B attack. Is it necessary to wait until this period is reached 

before declaring our opinion F Do there exist in the sympti 

tolocjr of hemiplegia any indications which are of caxlicr 
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and yet capable of revealing the presence of conBecutiTe spinal 
lesiou ? 

In reality^ gentlemen^ late contracture in incurable hemiplegu 
is preceded by certain phenomena which^ if they do not abso- 
lutely enable us to affirm the existence of degeneration^ at snr 
rate make its presence very probable. Only^ the appearance of 
these phenomena must be called forth by the observer. Thej 
are signs of which we must be informed in order to make than 
evident^ since tbeir presence is only manifest when certain 
methods are practised. To-day^ I shall simply remind yon this 
one of them^ which has been introduced for the longest time in 
neuro-pathological semeiology^ is known in France under tk 
name of provoked trepidation^ or provoked spinal epilepsj. 
German writers call it the foot-phenomenon {Fkusphcenomeik] 
or ankle-clonus. But the discovery of this sign belongs to 
French clinical observers. Since 1863^ as our observations of 
this date testify^ it has been practised daily in the wards of U 
SalpStri^re by M. Vulpian^ by myself, and by our pupils. Since 
then^ we have never ceased to study this phenomenon in its rdt* 
tions with the different affections of the nerve-centres and to 
inquire into its significance. Thus^ I pointed out a long tims 
ago that it is habitually absent in the motor inability connected 
with locomotor ataxy^ infantile spinal paralysis^ and in oths 
conditions of the same kind, whereas it is never wanting in 
paralysis of cerebral or spinal origin^ in which contractnff 
exists or tends to become established.^ 

The phenomenon may be described as follows. The paraljid 
lower limb of a hemiplegic patient is supported by placing ooi 
hand beneath the ham so that the patient's leg may hang looM 
and swing ; if now^ with the other hand, the point of the footii 
suddenly raised^ a series of shakes is at once provoked, wbidl c 
collectively constitute a kind of rhythmical movement or 08011 1| 
latory trembling more or less regular and persistent. Spindl ^ 
trepidation presents the more interest from the fact that, at tl ^ 
rule, no trace of it exists in the normal state. Thus Heslt: 
Berger,' who has made some observations on the matter, od^| ^< 
discovered it three times in fourteen hundred apparently health 
subjects (mostly soldiers). f 

> Dubois, ' These de Paris/ 1868. ^ 

> ' Axoh. d. Heilk./ 1879, No. 4. k 
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I niiist^ however^ repeat emphatically that^ in the domain of 
pathology^ this is not a constant phenomenon^ since in certain 
spinal aiSections it is absent^ whilst in others the rule is for it to 
be present. Briefly^ it is one of the characteristic features of 
the group of spasmodic paralyses ; and to this category belongs 
central hemiplegia with secondary degeneration of the pyramidal 
tract. 

When late contracture has taken place, this phenomenon is 
nearly constant, but it frequently precedes the contracture by 
aerend weeks. In a patient, now an inmate in the infirmary 
of Iia Salpdtri^re, it began to manifest its presence a week after 
the attack, and a fortnight later rigidity of the lower limb first 
made its appearance. 

In another patient, it did not appear until a month after the 
mttack, and the muscular rigidity began to be evident in the 
course of the second month. 

M. D^erine has recently pointed out that this symptom is 
occasionally present in both lower limbs, and we shall see that 
thii is sometimes the case with contracture. 

In hemiplegic patients possessing some slight power of move- 
ment, this same trepidation which, in certain cases extends ii$ 
the entire limb, may also manifest itself in consequence of a 
wolnntary moyement. The phenomenon in question is reflex, 
m I purpose to demonstrate at greater length on a suUequent 
occasion. For the time being, it will be sufficient to call your 
attention to the fact that its intensity is increased by the use of 
Jatrydinia, and, on the contrary, at any rate according to 0« 
^BflOfcr, diminished by opium. 

vl An analogous phenomenon is occasionally prodoecd wlien the 
I^Jknad of a hemiplegic patient is soddeoly lifted op by the tips 
' ^€Sf the fingers. Moreorer, these patients, on raising the para^ 
^ilyacd arm, often eiperience a treoibltDg similar to that which 
rOecms in the lower limb under like circumstaooes. But the 
^. ^mmi'phemamewom^ provoked or spontaoeoos, is flbu/;b more 
'^neommon than the corrcsposdsng effect which we call tke/>^//» 




These two tigns, as we shall show^ belong to the same eate* 
^^ory aa thoae rccntij intfodnced into the seaMsockai ^A tpiAal 

hf WcrtpU, and afterwards bj Erfc, wader the coU 

ivetemof 



LECTURE XII. 

LATE HEMJPLEGIC CONTRACTURE AND ITS CLINICAL 

VARIETIES. 

Summary. — FooUfhenomenon or anile-clonus. lis presence » 
spasmodic paralysis, including hemiplegic contrackMre, li u 
sometimes obtainable on the non-paralysed side in Aem^hfis, 
Its reflex nature. The knee-phenomenon^ unlike anile-eloma, 
exists normally. At birth it is well marked, but diminisiet w 
intensity at the end of a few weeks. It is patAologieMi 
significant only when completely absent or when highly exagy- 
rated. Method of provoking the knee-phenomenon. It ti 
inhibited by irritation of certain distant parts. Its r^ 
nature is confirmed by the experiments of Fiirbinger, SehuUte, 
and Tschirjew, Reflexes of upper extremity are usually but Utik 
evident in the normal state. They become very manifest wk» 
contracture exists or tends to exist in hemiplegia. Ora^Uc 
analysis of the reflexes. Associated movements or synkineses are 
interestingfrom a theoretical point of view. Effects qfsifyekm 
on paralysed parts. It exaggerates the reflexes and hastau 
contracture. Fourquier^s works. Contracture and the tendcm- 
reflexes are allied phenomena. 



1. 



Gentlemen^ — At the conclusion of the last lecture I 
you that slow contracture in permanent hemiplegia of cerebral 
origin is preceded by certain phenomena^ which^ if they do not 
always enable us to affirm the existence of degeneration, neve^ 
theless make it very probable. 



I remarked that these phenomena are not preunt in tbem- 
selres, but that their appearance has to be called forth by the 
obeerrer. lu other words, these signs must be made evident 
by means of certain mauipulatioos, which are, hotrever, 
extremely simple. 

Apart from the case ire are now conaidering, we shall, in 
the course of our studies on organic cerebral and spiual affec- 
tions, frequently encounter these same phenomena with all the 
characteristic features which I am trying to make prominent^ 
but, in truth, they will be nearly always associated with cir- 
cumstances of comparatirely much greater complexity. This 
is why we must take the opportunity which presents itself to-day 
of observing these phenomena onder conditions most favorable 
to physiological analysis. I have already spoken to you of the 
pbenomenon which has been known longest in neuro-pntholo- 
gical semeiotics. At the present time, as you are aware, it is 
described in France under the names of provoked trepidation or 
provoked ipinat epilepsy, and in Germany, under the names of 
foot -phenomenon or ankU-cIonut, In the domain of pathology, 
it is by no means a constant phenomenon. As a rule, it is abso- 
lutely wanting or diminished in certain spinal affections, such 
u locomotor ataxy, the acute and chronic anterior poliomyelites 
(infantile paralysis, progressive muscolar atrophy, and all other 
affections of the same nature) \ whereas, in others, it is habitu- 
ally present. It is, in short, one of the characteristics of the 
^^Ucal group of spasmodic paralyses, and to this group belongs 
^^HAral hemiplegia with degeneration of the pyramidal tract. 
^^^Vbeo alow contracture is once established, spinal trepidation, 
^^HkIi always precedes it by several weeks, is a constant sym- 
ptom, apart from exceptional circumstances. 

Id a patient, now an inmate of the infirmary at La SalpSt- I 
ritre, who was attacked a few months ago with hemiplegia, pro> 1 
Toked trepidation manifested its presence a week after the attack ; 
and a fortnight subsequently, that is to say, at the end of about I 
tbree weeks, contracture began to make its appearance. la I 
uiotlier patient, the foot-phenomenon did not become appreciable ] 
until a month after the attack, and contracture was not cstab> j 
lisbed until about the end of the second month. 

In addition, M. D^jerinc, as I have already told you, hai 
recently made an interesting and very true remark to theeffefl 
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that the lower extremity^ on the non-paralysed side, sometimes 
'becomes the seat of provoked trepidation. 

It is indeed by no means uncommon, in a case like thia^ 
for permanent contracture to attack this extremity, so that the 
hemiplegia becomes complicated with paraplegia and rigidity, 
which thereby presents an almost invincible obstacle to the 
upright posture and to walking. Consequentljj the patient 
is confined to bed for the rest of his days. 

Lastly, in hemiplegic patients who still possess some power 
of movement this trembling of the foot, which sometimes 
extends to all parts of the limb, may manifest its presence in 
consequence of a voluntary movement. 

Provoked or spontaneous, the trembling in question, as I 
shall have to show, is a phenomenon of reflex nature. 

For the moment it will be suflScient to observe that its inten- 
sity augments under the influence of strychnine, and that it 
diminishes, on the other hand, by the use of bromide of potts- 
sium in large doses, and, according to Berger, of opium also. 
This last assertion seems to be much less satisfactorily proTed 
than the preceding. 

It is important to notice, gentlemen, that, contrary to whit 
holds good for provoked trepidation of the foot, the knee-pheno- 
menon appertains to the normal state. 

It exists to a certain extent in every healthy subject, with 
very few exceptions. Thus, according to Berger's statistics 
which I alluded to in the preceding lecture, the patellar reflex 
is absent in only one per ceut.^ Eulenburg' has made the 
interesting observation that it is very well marked in the child 
from the day of birth, and that it gradually diminishes at the 
end of a few weeks. 

This last fact, if it be confirmed, is likely to prove of great 
significance, since it seems to point to the phenomenon being 
of a spinal reflex character. We must not forget, indeed, that 
the pyramidal tracts in the newly-born child are as yet incom- 
pletely developed, and that, consequently, the moderating 
influence, which the cerebrum exerts over spinal reflex acts, 
cannot be exercised through this path at that period of life. 

Be this as it may, it is very evident from what precedes that 

> ' Centralblatt f. d. Nervenkr,,' 1879. 
« Ibid., 1878. 
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the knee-phenomenon only acquires pathological significance 
under the following circnmstances : (i) either when it is com- 
pletely afaeent^ as is constantly the case in locomotor ataxy 
and in the anterior poliomyelites ; (2) or when it is markedly 
exaggerated, as in spasmodic paralysis. In hemiplegic patienta 
threatened with contracture, exaggeration of the knee-pheno- 
menon yery generally precedes the appearance of the foot- 
phenomenon ; and eyen although it may be but slightly marked,. 
ita presence is not devoid of significance, when we consider the 
diminished intensity of the same symptom on the non-paralysed 
aide. 

II. 

AnkleKJonus and wrist-clonus belong, as we shall have no 
difficulty in showing, to the same category as those which are 
now about to be taken into consideration, and which have been 
recently introduced into the semeiotics of cerebro-spinal affec- 
tions first by Westphal and subsequently by Erb.^ 

These new phenomena are collectively described under the 
generic term of tendon-reflexes. Of all these, the one which has 
been most studied, which is most readily provoked, and which, at 
the same time presents the greatest practical interest, is known 
by the names oi paieUar-tendon refltx or knee-phenomenon. 

It is made erident in the following way : 

The limb which we wish to test is supported, as in the pre- 
ceding case, by the left hand of the observer placed under the 
ham. With the ulnar edge of the right hand a smart tap is 
made over the centre of the tendon. It is better still to use 
Skoda's percussion hammer. 

A simple fillip bestowed on the above-mentioned point 
would, in case of necessity, yield the same result, at any rate, 
under certain pathological conditions. Almost immediately 
after the shock, the patient's leg becomes straight, rises more 
or less suddenly, describing a trajectory of variable extent 
according to circnmstances, and then at once falls back. 
Sometimes, however, the first movement is followed by two 
or three successive oscillations* The phenomenon has then 
acquired ita highest ditgnt of intensity. 

* ' Aidk. t Fgjek^' U v, 1875. 
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III. 

As its name indicates^ the knee-phenomenon is certainly of 
reflex nature. Some clinical observations have already enabled 
us to surmise that this is the case. Thus^ Erb noticed ^ that 
on percussing the ligamentum patellse in order to proToke the 
knee-phenomenon^ there is sometimes produced simultaneously 
a movement of adduction of the opposite thigh. In a case of 
paraplegia from spinal compression — and this also is ErVs 
observation — the knee-phenomenon was absent so long as the 
paralysis lasted; but it reappeared when the patient had 
regained the use of his limbs. This tends to prove that the 
existence of the phenomenon is subordinated to the iniegnfj 
of certain medullary regions. 

We must also add that^ according to NothnageFs obser- 
vations^ which have been confirmed by Erb/ excessive irritation 
of certain parts more or less distant from the place where the 
knee- phenomenon is produced^ is sometimes sufficient to prevent 
its appearance. Thus^ pinching the skin of the abdomen or 
intense faradisation of the opposite limb^ suffices to hinder the 
contraction of the quadriceps. You perceive that this is an 
inhibitory phenomenon^ analogous to those occasionally pro- 
duced in animals^ in whom the various conditions of spinal 
reflex activity are being studied. 

But the reflex nature of the tendon-phenomenon, if any doubt 
in this respect can still exists has been now demonstrated by 
experiment. 

Fiirbinger and Schultze' discovered that the tendon- 
reflexes and the knee-reflex in particular, exist under normal 
conditions in animals, the rabbit for example, as well as in 
man, and that they are no longer produced when the spinal 
cord is destroyed. Tschirjew has quite recently repeated 
these experiments, and has succeeded in determining the 
conditions of this phenomenon with great precision.^ 

The region of the cord, the integrity of which is necessary 

^ ' Ziemssen'fl Handbnclu' 

* * Arch. f. Psych.,' vi, 1876. 

* ' CentralbL £. d. NerweDkiankh./ 1875. 
< 'Arch.f. Pgych./viii, 1878. 
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I production of the knee-pfaenomenoQ in the rabbit, ii 
Xiy compmed between the Gfth and sixth lumbar vert«bne. 
When this region of the cord is destroyedj the phenomenoa no 
longer takes place. On the other hand, sections made above 
or below that level have not this eS'ect. 

Now, in the above-mentioned region take origin the roots 
of the sixth lumbar pair, which supply, as Krsnse points out in 
hia treatise on the ' Anatomy of the Rabbit/ the largest part 
of the crural nerve. If, therefore, the anterior and posterior 
roots of the sixth pairs be divided, the reflex action ceases to 
exist on both sides. 

It is wanting on one side only when the anterior or posterior 
root of that side is cut through. We see, then, that the re6ez 
nature of the phenomenon is a well-established fact, and that 
the effect in question is undoubtedly of a spinal reflex order. 
"We must add that the researches of Sachs have shown that, in 
the substance of the teudon of the quadriceps, and particularly 
at the junction of the tendinous and muscular parts, there are 
nerves which are undoubtedly centripetal. These nerves, which 
become stretched when the tendon is struck, convey a stimulus 
to the lumbar part of the cord. 

This stimulus, which is transmitted to the grey matter 
through the sensory root of the (^ixtb pair, is reflected on the 
quadriceps muscle through the corresponding motor root, 
which is one of the principal origins of the crural nerve. I 
must add that, according to ficrger's observations, the use 
of strychnia, which calls forth the foot-phenomenon under 
pathological conditions, increases the intensity of the knee* 
phenomenon under the same circamstances. 

There are other tendon-reflexes of various parts of the upper 
extremity, in every way comparable to that just described. 
Only, 10 far as I am in a position to judge from aome obserra- 
tious I have made, they are very slightly marked in the normal 
state. 

Oa the other hand, in hemiplegic patients under the special 
conditions we are studying, they become very manifest and 
consequently acquire considerable interest. Thus, under these 
conditions, that is to say, when tliere exists a certain tcni 
to contracture in the upper extremity, or when this contracture 
i» ftlntdj established, percussion of the tendon of the 



I 



cndcncy ^^fl 
tracturc ^^^M 
B biceps^^^H 



m 

ca 
of 

th 
lo 

1 

po 

th 

at 
re 

M 
111] 

of 


aseB Euddea flexion of the forearm upon the Arm ; (hskuui 
tbe tendoD of the triceps provokes an iorerse morement; 
the same way we can readily succeed io producing (Icxion 
e fingers, flexion and pronation of the band, by atrikiog mL 
!fei end of the forearm the tendons of the rarioai ■■ 
lich execute these movements. H 

1 

The study of these symptoms, gentlemen, would noin| 
end, had I uot been desirous of bringing under yoar no 
e valuable indications which may be oblaiued, from 
ndpoint of clinical interpretation, by the graphic snalysi 
ese reflex muscular contractions, which undergo such 
rtant modifications in the pathological state. 
Tschii^ew had previously applied the graphic methcxi 
e investigation of the phenomena to which I am calling j 
ention, and had determined the duration of tbe time o( 
Bex in healthy subjects. M. Bnsaaud, with the as&istAiifli 
Fran9ois Frauck, has recently repeated these experinM 
der my direction, aud the results obtained by him, puiieila 
hemiplegic patients, deserve special mention here by reM 
the information which we can derive from them. 
Moreover, a glance at the two tracings (Figs. 8a lod 
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OBAPmC ASAtTSI? OF KEFLESES. 8B7 

Fio. S3. — Kaee-pbeDinneaon on Pontn»ctur*d side. The time 
of the reflei u ^^^ '>f <^ teooDd. The mnacDlaT conv i> mtmh 
Ugher, tbe contiKtioEi more aadden ftod of different fomt 
(dicTotiam). 

Till at once make jroa appreciate the difference whicli exists 
between the reflex contraction of the quadriceps on the hemi- 
plegic side, and that of the corresponding muscle on tlte 
healthy side.' 

All the characteristics of these tracings go to prove the exuf- 
geratiOD of the reflex power of the spinal centre in the half 
of the cord corresponding to the paralysed limbs. In fact, 
whereas on the side which remains healthy, the refiex act takes 
place after a lapse of time equal to ri^v <^f > second, it is pro- 
duced in the quadricepa on the paralysed side at the end of -pfg^ 
of a second only. Moreover, the amplitude of the conlractioD la 
much greater on the diseased than it is on the healthy side ; that 
u to say, that on the one hand the contraction of the quadriceps 
ia more considerable and, on the other hand, that it lasts longer. 

Lastly, the form of the muscular contraction in question 
ia notably different, in the sense that it nearly always seems to 

* Tbafint line of theoe tndngi reprsMnU tb« gnulBtiaiii of ifaurtAniiig of 
tlis niHcItdiiring nrntinctinn. The Mcood Hue, bent towardi the loft, indi- 
sales tbs preabc moment at vliich the hunmer tlrikec the tendon. The 
Hiiti giSidaatad line ihoWB tho duntion of the n&ex in t^th part of a 
wwirinjl We mnst dedaet frviu tlie lime of the rellei thi time which It loet 
in tmumitting the nnwonlu' change tn tha rtgintcring rjlindot sIodk the 
caontohMie tnbM of the appamtua. Taking this eometion iato aeoonnt, the 
tin* of \im refl«i ti no more than ^a^ "^ a sMond on the healthy alda 
1*^ lHlth ea ths ooBtnoturaiJ aide. 
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lie repeated (dicrotiBm or polycrotism). Sometdmcs iodced. 
after a series of oscUlatioits of greater and greater hdgbt, the 
muscle instead uf returning to its previoua coodition, rccQaint 
for some time more contracted than it was at the 
when the tendon nas struck (Fig. 84] ; bo that we tl 
under obserTation a continuous tracing of the 1 
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Fio. S4, — Eiaggerstba of oootracture of tbe quadricepcil 
peraoMion of tbe ligameDtnm patello?. 



Such, gentlemen, are the phenomena which it is 
important to obaerve in the premonitory phase of the 
iate contracture in hemiplegic patients. 

We shall encounter them I repeat, with all their characterif- 
tics,)n alarge number of organic cerebro-spinal affectioDaiiiaddi- 
tion to the one that has especially engaged our attention to-dar. 

But I was anxious, seeing that the opportunity presented 
itself, to acquaint you once for all with their main detaib. I 
now return to the premonitory period of contracture. Tli» 
period may be indicated by some other aigns, more uncommon 
than the preceding and of less practical interest, but it is nOfO' 
theless expedient to call your attention to them, because thCT 
are of a nature calculated to throw some light on the qacstiob 
of theory, which is still exciting much controversy. 

I shall speak, in the first place, of the phenomena known H 
attociated movements or synkineses, as M. Vulpiuti 



Id 1854, Maraball HaD calkd ittrstion to a certain nanbt> 
of farts of tbii kind, Mmml of which, howe v er, bad been noticed 
before bim. We are aware that, under the inflnence of f awi)> 
ing or ■neeEing, there is sometimea prodaeed in hcmiplogic 
penons an automatic morementof the apper extremitj, although 
this limb is coropletelv panlyted and the patient alMoIately 
tneapahle of moring it ToluntarilT. But M. Ouimua remarked 
for the Gnt time in 1873 that, under circamstaoces analogous 
to thoie we are considering, closure of the hand on the non- 
paraljrted side or the individaal movement of anj oae of the 
fingera occasions the production of similar movements in the 
hand or fingen on the paralysed side. These movements, 
which art provoked by attocialion, arc, I repeat, quite involan- 
tar; ; and, as a rule, the patients arc able to prevent ttictr pro- 
duction only by a great effort of the will. Westphal has like- 
wise pointed out tome curious facts which he had observed in 
•everal patients affected with infantile hemiplegia. Dut I can 
only make a passing oUu^ion to these cases, for tiicy arc not of 
Tery common occurrence and are interesting only from a thco- 
ntica) standpoint. 

B. Equally curious from the same point of view, but very 
nsportant to consider as regards their practical bearing, axe 
tlie rffcrts produced on the paralysed limbs of hcmiplcgic 
patients affected with contracture, by the use of certnin drnga 
Bod, in particular, of nux vomica or stryclinia. We have 
already seen that the use of this therapeutic agent brings the 
tendon-reflexes into prominence tliroughont thp entire body. 

Wc shall now sec that it precipitates, as it were, cvcnta and 
determines the appearance of contracture. 

You are doubtless not unacquainted with the works of 
Profe9»or Fon^uior of this Faculty on " rusage de la nosr 
POmigv^ dant Ir trailrmmt dr la paralj/sie," which is the title of 
the second memoir published on this subject by the author in 
J Sao. The first' appeared in iHii. The perusal of this work 
M very interesting from the fact that wc find in it the origin of 
all the knowledge which we now pimsesB uu the aubject we have in 
hand. It comprises fifteen or sixteen obscrvaiions, tomo of 

' This teoond wnrk U pnbliiihed 
So^fii <1« Is Ficvll« tie inMocinp 1 
d* lUtap..' p. 141, ]'uljli>b«] hj Bn;I» ii 
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which relate to paraplegia from compression or myelitis, 
others to common hemiplegia of cerebral origin. 

Guided by Magendie's experiments, Fouquier endeaTOured 
to produce an artificial tetanus in paralytic patients, belie?ing 
that he had found therein a curative means. Among the remarks 
made by the author on the observations to which he calls atten- 
tion, I shall quote the following-: 

'' Curiously enough,'' says Fouquier, '' nuz vomica may occa- 
sion contraction of paralysed muscles without aflEecting healthy 
parts. When taken in a suitable dose, it acts only on the 
diseased parts. These latter seem to experience the effect of 
the drug the more acutely, in proportion as they are the morB 
completely deprived of movement. 

'* It would be impossible for us,'' he adds, '' to refer these facts 
to the laws of physiology." 

At the time when this work was published these facts were, 
without doubt, justly considered to be incompatible with tbe 
dataof pathological physiology. But now that the action of 
strychnia on the nerve-centres has been studied experimentaQy, 
the interpretation of the phenomenon in question has beocwie 
very simple. 

Fouquier also remarks that as regards the contraction in- 
duced in the paralysed limbs by the use of nux vomica, the 
thoracic extremities are in a state of flexion, the abdominal 
extremities in extension. We shall presently appreciate the 
interest of this remark. 

But the last point to which I am especially desirous of calling 
your attention is the following : 

"Paralytic patients," says Fouquier — ''and I refer to hemi- 
plegia as well as paraplegia^'' often experience after the admin- 
istration of nux vomica, considerable rigidity of the extremi- 
ties even when the use of the drug has been a long time in 
abeyance." 

You see, therefore, that permanent contracture is determined 
by strychnia, the same drug which, as we found just now, brings 
the tendon-reflexes into relief. This circumstance tends to 
prove that the tendon-reflexes and contracture are allied pheno- 
mena. I shall take the opportunity at an early period of 
reverting to this point. 



LECTURE XIII. 



LATB HEUIPLEOIC CONTRACTUBS AM) ITS CLINICAL 
VARIETIES (ecntinaed). 

fiuiDIAlT.— PartOM agentt acaggeraling ctmiracture: — ilrycAitia; 
iraumatitm, S[e. Qmtraeture it atwagt imminmt in kgtUrical 
paUetUt and mai/ occur under the inflitenee ^ f4« aiove-namtJ 
caum. 
Hm« of itt appearance in kemiplegic palienU. It* acctti i* 
gradual. Tie altitude! and de/ormitiet produced are alioayi 
identical. Explanation rf thete attiludei. Theory of tlu 
action of antagonittk mutcU*. 
Ottillar^t erperimenl*. Mutcvlar lone. 

OsNTLKUiN, — At the coQcliuioD of the last lectare I called 
attention to the various causes which, in permanent hemiplegia 
«f cerebral ori^, are likely to augment the intensity of the 
phenomena known as tendon-reflexea. Wbea speaking of the 
aetioQ of strychnia, I pointed out to you that the agent, iu 
these same cases, also hastens the appearance of late contrac- 
tare, when this latter ia imminent, and everything, in a word, 
TB prepared for its production. 

This foct deserves to be placed in a strong light, because it 
sppoars to indicate that late contracture and the exaltation 
of the tendon-reflexes are allied phenomena aud that they are 
Teferable to a common condition. 

I will now ask you to notice that there are other causes, 
vbich apparently have no analogy with the therapeutic use of 
•trychoia or any other drugs, that are nevertheless liable to 
fering abont the prematore appearance of contracture in hemi- 
plegie patieots, or to render it more intense when it ia alrewlf 
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I. 

(i) It has long been known in electrotherapy^ that untimely 
and ill-regulated faradisation of paralysed limbs in patients of 
this class tends to provoke or exaggerate permanent contrae- 
ture; but it is not so well known that traumatic influenoes 
aflfecting the paralysed limbs may be quoted among causes of 
this kind. 

As an example calculated to place the reality of this hct in 
relief, I will mention the following case which was recently 
observed at La Salp^tri^re by my colleague M. Terrier, who at 
once understood its theoretical interest and consequently investi- 
gated it with great care.^ 

The case is that of a woman, now fifty-two years of age, wbo 
was suddenly attacked with hemiplegia six years ago, probabfy 
in consequence of softening. 

The hemiplegia had to a certain extent persisted aince that 
time, but it revealed its presence only by slight rigidity of the 
right upper extremity, the lower limb being almost entirely 
intact. She walked fairly well and even made oomparativdy 
long journeys. On the twenty-ninth of last March she M 
over a bench, and her legs being flexed she sustained a slight 
contusion on the front part of the leg which, on the following 
day, became a little swollen and ecchymotic. 

But the interesting point is that the day after the accident the 
right lower extremity — that is, the one on the paralysed side- 
became rigid throughout. It could be lifted up in one piece, 
the foot had assumed the attitude of equino- varus, and in short, 
the case was one of true contracture, as characteristic as could 
be. In addition, the contracture had considerably increased in 
the upper extremity where preriously it was barely evident, and 
the limb being fixed in a state of flexion made any movement, 
spontaneous or provoked, extremely painful. At the present 
time, six weeks after the injury, the contracture of the extrem- 
ities has improved, but still persists to a marked exteut, and the 
foot-phenomenon as well as the patellar reflex are much exag- 
gerated in the lower limb. 

^ See* Bevne mensuelle de M^ecine et de Chirorgie/ 1879, ^o. la. 



(a) Caies of this kind are doubtleas not very uncommon ; I 
myaelf, have obaerved two or three. In connection with this 
subject, it may, perhaps, not be devoid of interest to make a 
comparison, from the special standpoint we have at present 
tinder consideration^ between permanent hemiplegia resulting 
firom organic cerebral lesion, and the hemiplegia dependent 
on no appreciable change, as sometimes occurs in hysterical 
patients. It is well known that in these subjects, particularly 
when they are hemiaoEesthetic, the extremities of the side on 
which the insensibility is situated are frequently affected with 
more or less prouonnced paresis which is liable to become 
aggravated even to the point of completely flaccid paralysis. 

I have found that the tendon-reflexes are, as a rule, manifestly 
exaggerated in the limbs thus paralysed, and that it is often 
possible in the case of the lower extremity to provoke epUeptoid 
trembliug. Now, under such circumstances, it has several times 
happened that I have occasioned the onset of more or less 
intense and permanent contracture in the paretic limbs, by the 
application to these extremities of feeble galvanic currents or 
even by the simple application of the magnet. This result 
enables us perhaps to explain why contracture very often 
beoomea developed, apparently from the beginniug, in some 
oeirona subjects, as a consequence of an ordinary injury. I 
have recently called attention to these singular facts with which 
Brodie was previously acquainted. Thus, as a result of a 
&11 on the wrist or of moderate pressure exerted on the back 
of the foot, I have seen in certain subjects the well-nigh imme- 
diate development, in the corresponding limb, of contracture 
which has subsequently continued as a permanent condition 
for several weeks and even months. The appearance of contrac- 
ture thus produced is often the first indication of the hysterical 
diathesis. But, on regarding the matter more closely, it is 
almost invariably found that, on the side where the contracture 
has occurred, there exist more or less distinct aniesthesia, 
ovarian tenderness, and a certain amount of paresis, symptoms 
comparatively unimportant but which, as wo have reason to 
believe, have preceded the onset of contracture. The ground 
being, as it were, already prepared, traumatism has simply 
played the part of an exciting agent. 

For the time being, I shall limit myself to pointing out this 
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i ATTITDPE OF THE AFFECTED LIMBS. 

relationehip betireen hysterical and bemiplegic contractare, 
ae I shall doubtless have a subsequent opportunity of tui 
it to account. 



.mi^^^J 



II. 



A. It is now time to return to the description of hemiplegic 
contracture, of which as yet I have given you but a brief sketch. 

Under ordinary circumstances, that is to say, when it super- 
venes spontaneously, it does not become established until about 
the middle of the second month, sometimes later, rarely sooner. 
It is, for instance, of exceptional occurrence for it to appear 
twenty days only after the attack, as M. Vulpian saw it in one 
of his patients. 

Be this as it may, it does not set in suddenly, but it is of 
gradual onset. It is rare, however, for patients to give us 
accurate information in this respect. But if it has happened 
to you to be in attendance during this period of transition, you 
will find that prior to its becomiug de6nitely installed, contrac- 
ture at first makes its appearance from time to time, aa a tern- 
porary condition. 

One day you will discover it, the next day it has disappeared 
and afterwards it again reappears. Finally it becomes 
permanent. 

In the immense majority of cases, it first seizes on the upper 
extremity. It is then found that the fingers are more or less 
strongly flexed on the palm of the hand, the elbow placed in 
semi-flexion, and the forearm in pronation. The contractare 
may involve all the paralysed parts in succession and even the 
face, although this is comparatively of rare occurrence. It has 
the effect, moreover, of bringing about deformities of the 
extremities, which are almost always identical. I intend pre- 
sently to give you a brief description of these deformities, for 
it is not devoid of interest to remark that tbey do not occur 
indiscriminately, but obey a law. 

Nevetheless, it is especially important to carefully consider 
the contracture itself and to determine accurately the special 
features which it presents in hemiplegic patients, since we shall 
discover the same phenomenon with all the peculiarities we are 
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about to describe in a large number of spinal affections, in addi- 
tion to the one that is now engaging our attention. 

You wilt see, gentleuieu, tbat this is a strange and, as it were, 
paradoxical phenomenon, very difficult to explain in every case 
on the facts of modern physiology. 

Be good enough to observe that these immobile limbs, when 
placed in a certain position, henceforth remain almost fixed 
and are in such a condition that the observer desirous of 
moving them, experiences more or less pronounced and some- 
times almost invincible resistance, in whatever direction the 
attempt is made. 

For instance, to speak only of the elbow, it is, as we have 
aaid, in semi-flexion. But it ia as difficult to increase the 
flexion of this joint as it is to determine its extension. The 
resistance is well-nigh equal iu both directions, and hence the 
conviction is forced on us that the antagonistic muscles are 
contracted nearly to the same degree. 

These faulty attitudes represent, therefore, the resultant of 
the opposite action of antagonistic muscles. 

When the biceps is stretched like a cord, the triceps is like- 
wise hard and rigid, and although we may succeed for a moment 
in overcoming the resistance, either in one direction or another, 
the extremity when left to itself will almost immediately resume 
its original position. 

B. (i) This fact amply proves that the phenomenon in quef- 
tion is quite different from that causing deformities peculiar to 
certain kinds of paralysis, and which are sometimes described 
under the name of paralytic contracture or contracture by 
adaptation (Dally), 

The deviations which occur in infantile spinal paralysis, at 
any rate in its early stages, and when the case is as yet uncom- 
plicated with various conditions liable to supervene iu the 
later periods, present the most characteristic type of these 
so-called paralytic contractures. Let us presume that the case 
is one of atrophic paralysis of the muscles which normally cause 
dorsal flexion of the foot. The muscular tone which is constant, 
and the early attempts of the patient which are intermittent, 
will fall exclusively on the gastrocnemii, the activity of which 
is shown by plantar flexion ; and the predominant action of 
these muscles will result at length in the attitude of talipes 
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equino- varus. But it is always easy^ when the case is not too 
old^ to re-establish momentarily the normal position, widi- 
out resistance on the part of the paralysed muscles whidi sie 
deprived altogether both of tonicity and voluntary movement 

(2) SimDarly, it would be easy to distinguish between die 
permanent contracture of hemiple{^c patients and the so-oalkd 
myopathic contracture, which depends on lesion of the musculir 
tissue itself, as for example, the cirrhosis occurring in oertsii 
forms of facial paralysis* In late contracture, on the ccmtraiy, 
at least when it is not very old, it has been frequently showa 
by post-mortem examination that there is no degenenitimi of 
the muscular tissue; and when this does take place, genmBy 
after the lapse of a considerable period, it consists in simpie 
wasting. Moreover, during life, faradic stimulation shows tliit 
the irritability of these contractured muscles is normal, some- 
times even slightly exalted. 

In short, gentlemen, hemiplegic contracture is not passive 
rigidity, but, on the contrary, corresponds to a condition of 
muscular activity. There is no doubt that it is a phenomenon 
comparable to normal contraction; only, the contraction it 
permanent. 

This persistence of the muscular activity really constitntei 
the paradoxical characteristic to which I alluded just nov. 
Day and night, for months and years, these muscles renudi 
rigid, sometimes in such an attitude as could only be main- 
tained, in the healthy state, for a few moments. 

According to the experiments of Ghdllard (of Poitiers), it is 
impossible under ordinary circumstance to hold the arms in 
the horizontal position for more than nineteen minutes. Die 
most vigorous subject cannot keep himself erect for more than 
thirty minutes on the point of his toes, by the contraction of 
the calf-muscles. 

On the other hand, the contracture in question maintaiiii 
the lower extremities indefinitely in forced and sometimei 
almost violent attitudes. 

This feature of permanent contracture appears none the less 
singular, when we consider the intensity of the chemical 
phenomena of nutrition^ which is proceeding in a muscle during 
the act of contraction. 

(3) There is, however, a normal phenomenon which, withoui 
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pushing the analog; too far, may perhaps be compared with 
pennanent hemiplegic contracture. I refer to tonicity or 
muievtoT lone. 

You are not unaware, gentlemen, that certain muscles, the 
■phinctere for example, are manifestly in a state of permanent 
OOQtraction, and that the case is the same, to a less degree 
however, vith all the muscles of animal life. 

The Utter, in the so-called condition of repose, are, I repeat, 
in a state of active and incessant contraction, which only 
disappears when the corresponiling motor nerve has been 
divided. Tonic mnscnlar coDtraction, as Claude Bernard has 
shown, is also accompanied by a chemical modification in the 
blood which has passed through the muscle. 

Thus, the quantity of oxygen contained in the arterial blood 
entering a muscle being represented by 7*31, the quantity con- 
tained in the venous blood leaving a masde in contraction is 
represented only by ^-zS. 

When the motor nerve is cut and the muscular tonicity hence 
abolished, the quantity of oxygen in the venous blood then 
becomes nearly equal to that in the arterial blood. But it is 
DO more than 5' in a mascle in a condition of repose or, in 
other words, in a state of simple tonicity, the nerve being intact. 
This shows that the consumption of oxygen during tonicity is 
about a third of the total quantity contained in the blood of 
the afferent ressela. 

I must remind you that in order to explain this apparently 
paradoxical fact of permanent or indefinite muscular rigidity, 
M. Ouimns has suggested that the contractions aSect the 
various muscular fasciculi in succession, and not simultaneoasly, 
in such a way that some are in a condition of repose whilst 
other* are in contraction. 

This hypothesis of M. Onimus has been supported, moreover, 
0]r>ome experiments which MM. Boudet and Briasaud have 
recently made on the muscular bruit in my wards at La 
Salp^tri^re. With the aid of a microphonic auscultatory ap- 
pantus endowed with eitreme delicacy, the analysis ofmuscnlar 
bruits in the normal and pathological state has been extended 
at far as possible. 

In a few words, the following arc the results which this Dew 
metb^Ml of investigation has furnished to the special object^ of 
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oar ooDBideratioD. Whilst a miucle in a ttate of nonnal oon- 
traction gives forth a rambling^ sonorous^ regular sound (Mf 
rotatoire), constant in the number of its yibrationsj the oontn^ 
tured muscle emits a duU^ irregular, and jerky ■onnd, with in- 
terruptions and renewals ; in other words, its characteristie ii 
intermittency. It seems then to be proved that in this cue 
the muscular fibres enter into activity one after anot h er, thsi 
supplementing each other incessantly. 

I must add that, according to the dictates of physiology, the 
slight but permanent contraction of musdes^ which we csD 
muscular tone^ depends on an equally permanent stimoln 
'exerted by the spinal centre. ''The spinal oord,'' says IL 
Vulpian, '' acts unceasingly on all the muscles, where it prodneei 
through the motor nerves, the muscular tone . • • • Tbii 
continuous action of the cord is doubtless called forth by the 
•centripetal excito-motor stimuli proceeding from the musdei 
themselves or from the integuments/' In this phenomenoSi 
therefore^ the reflex power of the cord is in action. 

Now^ it is easy to give a certain number of facts tending to 
prove that permanent muscular contraction, in the case of coa- 
tracture, recognises an analogous origin, that is to aay, it slio 
proceeds from permanent spinal action, exalted by certain patho- 
logical conditions. 

Thus, the phenomena which precede and accompany Ae 
development of contracture are referable, as you may have is- 
ticipated^ to exaggeration of the spinal activity. The use of 
strychnia, which calls into prominence the tendon-reflexei^ 
^similarly hastens the appearance of contracture or ezaggersta 
it when already established ; and inversely, agenta which bwcr 
the reflex spinal activity likewise diminbh the intensity of thii 
contracture. It is in this way that bromide of potassium acti, 
when administered in large doses. 

I shall dwell no longer on these physiological consideration!) 
which we shall resume later, but return to the descriptife 
^ide of the subject. 

IIL 

A. The contracture is called permanent ; nevertheless, gen- 
tlemen, as a matter of fact it undergoes natiiral improvement in 
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the mAJorit; of patients, under such conditions aa sleep and rest 
in bed, but it never completely disappears. On the other hand, as 
Hitsig rightly observes, its intensity is renewed or exaggerated 
on emotion or when the patient rises up or tries to execute a 
movement. We shall see how it is proposed to explain this 
phenomenon which has been referred by HitKig to the category 
of associated movements. 

II. One word more concerning the attitudes of the extremitifle- 
in old hemiplegia. 

It is a remarkable fact that these positions as a mtc correspond 
to a fundamental type. In the upper extremities flexion pre* 
dominates, whereas in the lower extremities, it is extension, 
Fouquier long ago pointed out that the same phenomenon is 
erident when temporary contracture ie caused in hemiplegic 
patients by the use of strychnia. I must ask yon to notice 
that it is the same in the case of partial epilepsy. 

(i) In the first place let us consider the upper extremity. 
As we have said, the type of flexion is observed here i thus M. 
Bouebard noted this position in twenty-six cases out of thirty. 

The shoulder is sometimes lowered, sometimes raised ; but 
the arm in every case is pressed against the thoracic wall by 
the contrsetioQ of the pectoral muscle. We have just seen also- 
that the elbow is generally semi-flexed, that the forearm it in 
pronation and that the hands are closed. 

All variatioua of the type are reducible to the following: (a) 
The elbow being flexed, the forearm, instead of being in pro- 
nation, is in supination. This is the type of flexion with 
aapination. (&) The elbow in place of being flexed ia in 
» atate of extension; the forearm is more or less straight. 
mistype, which is rather uncommon, presents several varieties : 
(e) aometimea the forearm is in pronation, (d] sometimes in 
•npbiation. I do not think that there exist other attitudes for 
the upper extremity than those which I have just named. The- 
open hiand is of rare occurrence. 

(i) As regards the lower extremity, it is the rule, as I have 
told yon, for it to be in rigid extension. The foot then takes 
the attitude of equino-varus. All things being equal, moreover, 
contracture here is usually less marked than in the upper limb. 
Even a fairly marked degree of extension of the lower extremi^ 
does not prcTent walking. 
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The derelopment of oontractore in the flexor gronpa of tk 
lower extremity, which ii very disaatrou, it fortanatdy a nn 
event. The thigh ia then flexed od the pelTU* the leg on tk 
thigh, the heel is in contact with the buttock, and as this nae 
condition sometimes extends to the opposite limb, it is dev 
that walking is hencefortb rendered permanenlly impossilili 
(K«. 85). 




Fio. 85.— (Copied from BriraBDd'i tliMli.) Old bemiplegii. 
Both lower limbi are eontractamd in flexion. 

(3) Lastly, it is not uncommon for contracture to take pUet 
in the lower facial muscles on the paralysed aide. This coo- 
tracture at first only occurs temporarily, when the patient 
laughs or cries ; then, afWr the lapse of time, it becoma 
permanent. The labial commissure is much raised, the naso- 
labial furrow becomes deepened, and the eye sometimes appean 
smaller than that on the healthy side. From contrast, the 
sound side then seems to be paralysed, and at first glance one 
might think that alternate paralysis existed. 
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(4) I hare ipokeD to yon of Ute hemiplegic contracture as 
a peculiar mmcalar coodttioa which, when once constituted, 
continue* permanently fcr the whole of life, or at least for 
many rears. This ia undoubtedly correct, but it often happens 
that the muscles in the long ran undei^o emaciation. Mas- 
cnl&r spurn henceforward ceases to exist, and contractore, 
properly speaking, is 00 longer present. Xevertheless, the 
attitudes which have been so long maintained, are still liable 
to peraist, for the ligamentous parts being shortened, the 
articular surfaces adapt themselrea to their new position, and 
Tolnntary movements, if they should again make their appear- 
ance, necessarily remain ever afterwards restricted. 

Is this termination, gentlemen, the only one possible ? 
Does contracture erer disappear before the period at which 
muscular atrophy and ligamentous retraction supervene ? 

Some authors think so. At all events, it is quite certain 
that remarkable improvement occasionally occurs in contrac- 
ture and that voluntary movements thereby may once more be 
performed. These are the so-called cases of recovery — recovery, 
it is true, to a very limited extent. Unfortunately they are 
rare. 

I bare observed several imtauces in which, doubtless some 
modification having taken place in the morbid parts, the result 
has been not only the disappearance of contracture, but also to 
a certain extent, the retura of motor power. 

Poes the lesion persist in tbe spinal cord, and, in such a 
ease, ia there supplementary function 7 Id what way, moreover, 
ia this exerted ? Or, indeed, has something analogous to repair 
of the nerve-elements taken place within the indurated pyra- 
midal tract? This is incontestably a questionof great interest, 
bat still very obscure. I shall say a word or two about it 
I treating of permanent contracture of spinal origin, in 
I this same phenomenon occurs. 




LECTURE XIV. 

SPASMODIC mPANTILE HEMIPLEGIA. ASSOCIATED MOTE. 
MENTS. INDEPENDENCE OP THE DIASTALTIC ABCS FOU 
THE TENDON AND CUTANEOUS REFLEXES. 

SuMMABT. — Spasmodie infafUUe hemiflegia koi ike 9ame ekaradm 
as apoplectic kendplegia. lie anatamieal eaueee. Airophf (f 
limbs, tkorax and pelvis* 

Intermissions in kemiplegie eoniraeture. 

Influence of voluntary movement on tke intensity of eonkradim. 
Synkineses. Part played by associated movements in tke vary' 
ing degrees of contracture. Prognosis of eontraeture. 

Pkysiolqgieal explanation of tkis pkenomenon. 

Subsequent to the cerebral lesion it is necessary to distingmsk tm 
periods in tke development of tke secondary spinal lesion. 

Exaltation qftke reflexes does not result only from suppression ^ 
tke moderating cerebral influence. Lesion of the anterior oomsa 
in permanent kemiplegia is of an irritative nature. Its aeAm 
is tke same as tkat of strycknia. Exaggeration of mmseukf 
tone. Independence of tke reflex diastaltie ares. Locomotor 
ataxy, kysterical kemianastkesia, kemiplegia of eneepkalie 
origin. The kypotkesis of a dynamic irritative lesion is a better 
explanation tkan otker tkeories relating to the spasmo£e 
symptoms in descending sclerosis. 



I. 

OsNTLSMSN, — At the end of the last lecture^ when giving yon 
an abbreviated description of the varions attitudes assumed by 
the paralysed extremities in hemiplegia patients suffering from 
permanent contracture^ I asked you to notice that the apparently 
rather numerous varieties which these attitudes present may be 
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1 to a few constant types : tvpe of flexion with pronatioQ 
E&fl upper extremity, type of extension with equino-Tami 
for tlie lower extremity. Such is the rule and such ia the 
nature of the deformities observed in ordinary cases. Other 
attitodes which you may possibly meet with are anomalies. 

(t) The law we have just stated with reference to permanent 
hemiplegia iu adults holds good in the durable hemiplegia of 
young children. You are doubtless not unaware that in 
children, from one to seven years of age, for example, focal 
lesions of various kinds, — when involving the pyramidal tract 
in its intra* cere brat course — are followed by more or less 
pnmoonced hemiplegia, which persists to a certain degree 
for the whole of life. The lesion causing hemiplegia is, as 
my former interne, M. Cotard, has shown, of very variable 
natare.' 

Sometimes the case is one of partial ramoUissement, having the 
form of yellow softening or of circumscribed cellular inflamma- 
tion i sometimes the cerebral lesion is consecutive to meningeal 
bsemorrhage; sometimes — and this last case is certainly the 
most frec^uent — it consists in partial or generalised sclerosis of 
one cerebral hemisphere. 

The lesions in question are usually cortical, that is to say, 
they occupy the cortex and subjacent white matter, and not 
the central masses. Moreover, the affected cerebral hemisphere 
presents, as a whole, more or less marked atrophy, whence the 
name of partial cerebral atrophy by which the cases I am now 
bringing under your notice are genemlly known. 

Secondary descending degeneration occurs with all the 
characteristics with which we are acquainted in the adult, and 
it is under such circumatauces as these that we observe tbe 
moat beautiful examples of atrophy of tbe crura cerebri, pons, 
and anterior bulbar pyramid on the side corresponding to the 
lesion.* 

Clinically, cases of this kind are sometimes described under 
the name of ipatmodic infantile hemipleyia (Heine). 

Permanent contracture, in fact, shows itself in a very pro- 
nounced way iu this affection. The deformities, moreover, 

' 'Sot I'atmphio portielte dn MrTMn,' iMS. 

* 8n so obMrration pubUsfssd by If . DourosviUa in ' Progi^ Ufdical,' 

k.l<(,ApnI,i8^ 

ja 
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eoBfivm, as I prenoadT slated^ to the type deKiibed iri& 
mpeet to hemiplegia in the adult. Thoa^ far die i^per 
dtimiiiy ^ the trpe of llcxioo with pronatioa la here again Ike 
f«Ie, and for the lower extrenutj, it ia eKtemon and eqfoiao- 
¥ama. Onl j, in the hiatorj of upaiBimlii, inCuitile heaBi|^qp% 
amjinto^tingpeenliarity mnat be noticed, tib. the ahaoit 
eonatant ezistenoe td ahortening of the paialyaed limba. The 
bones are diorter and leaa Tolominona than on die heaMijadei' 
and the arreat of derelopment does not always mlieei te a* 
tremities onl J. Sometimes the tnink is ineompietdT detdopl 
<m the paralysed side, the thoracic wall ia narrowed, and Ae 
pelTis contracted and obUqoe. 

Atrophic paraljsis resolting firom alesion of the grey matte; 
when appearing in infimcy, conaeqoently entaila ahorteniiig 
firom arrerted derelopment of the limb in which the mnseahr 
lesion is situated, the extremities at thia time only InUSiiif 
their function in part ; whereas the shortening nmtnralty csasot 
exist when the same lesion becomes derek^ed in adolt fife. 

(2) In the somewhat detailed deacription which I haTcgifes 
of permanent contracture in hemifd^c patients, there an s 
few points which I neglected to bring before yon and to wUA 
I now ask permission to call your attention for n mosMot 
One of them is particularly deserring of notice, since sone 
writers haye accorded it great importance firom a iheoretial 
standpoint. I have described slow hemiplegic con tr ac tur e m 
being a permanent phenomenon, in the literal acceptatica of 
the word. 

Day and night, as I told you, during sleeping and waking, 
the limbs are rigid and contractured. As a rule thia is resUy 
so« at least in well-marked cases. 

NeyerthelesSy it is certain that rest in bed and deep have 
the effect of rendering the limbs temporarily more flexibk; 
but as soon as the patient rises^ or if he attempts to make s 
movement either with the paralysed or healthy limb, so soon 
does the contracture reappear in all its intensity. 

This increase or return of rigidity under the influence of 
voluntary movements is brought into special prominence wheoi 
as Seguin and Hitzig recommend, the patient ia made to 
raise a weight with the left hand, the contracture being on the 
right side. The heavier the weight, the more exaf^erateddocs 
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the coDtracttire become on the right side. The>e cases are 
justly considered as belonging to the category of those sijnkineaea 
or associated moTements of which 1 have already briefly spoken. 
Hitzig, however, professes to explain the phenomena to wliicb 
I nm calling your attention in the following manner : 

In the normal state, the voluntary stimuli proceeding frtwo 
the grey hemispherical matter are conveyed to the cord by 
nerve-fibres which are in relation with groups of cells having 
special connections one with another ; and these cellular groups 
execute the movement which has been willed. Moreover, there 
are elementary groups for elementary movements, and asso- 
ciated groups for harmonious and more complicated movomeDts. 
These groups are distributed on each side of the cord, some 
presiding over the movements of the right side, others over 
those of the left side. 

Nevertheless, relations are established between homologons 
groupii, from one side to the other, through the medium of the 
reticulum of grey matter. Normally, these connections do not 
binder the movement willed from preserving its independence 
and individuality ; but under certain pathological conditions, 
when the ganglionic elements are hyper-excitable, the slightest 
discharge occurring on one side and producing a voluntary 
movemrnt may be communicated to the other side, and there 
provoke, according to the circumstances of the case, either a 
movement similar to a voluntary movement or a spasmodic 
movement identical with contracture, which persists for some 
time after the discbarge. 

In certain cases relations of the same nature may become 
eatablished between cellular groups at a considerable distance 
one from another, and it is conceivable that, in these instances, 
the voluntary movements executed by the eitremitics of the 
aoaad side may react on the morbid side. 

The facts brought forward by Hitzig, in the interesting 
memoir to which I have already called your attention and to 
irhicb I shall once more return, arc correct; but the part which 
be attributes to them in the case of contracture is, In my 
opinion, exaggerated. 

Vit mu»t consider as exceptional those cases in which the 
contractured hcmiplegic extremities present complete relaxation 
ndar the influence of rest. Uilzig haa snggestcU a mecha- 
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nism calculated to explain why contracture becomes aggravated 
under the influence of voluntary movements^ but he has not 
informed us why this contracture, as happens in the majority 
of cases, becomes permanently established. 

(3) In the last place, it is necessary to inquire into the 
eventual history of contracture. Often^ very often, when once 
constituted it persists for the whole of life. Still, a considerable 
number of cases might be quoted in which, in the course of 
time, it diminishes or even ceases to exist. As a rule the unfor- 
tunate invalids are not much benefited ; although, indeed^ the 
spasmodic condition has disappeared, the muscles have under- 
gone more or less profound textural modifications and exhibit 
extreme emaciation. 

The ligamentous parts, moreover, have adapted themselves 
to the position produced by a long- assumed attitude, and, in 
short, notwithstandiug the possible return of some voluntary 
movement, deformity continues. 



II. 

In conclusion, gentlemen, I now propose to inquire with you 
into the physiological explanation of the phenomena which we 
have hitherto considered in their descriptive aspect. In a word, 
the point is to discover through what bond are the symptoms 
connected with the lesions. 

An attempt of this kind is always one of diflSculty and, in 
in this particular case, the questions which will present them- 
selves to our minds cannot at present, owing to insufQcient data, 
be definitely solved. Consequently, you would do well to look 
upon most of the explanations, which I am about to lay before 
you, as eminently provisional and likely to undergo modifica- 
tions some day or other. 

(i) I must remind you that, according to most writers, the 
consecutive lesion of the lateral columns is originally a purely 
passive process. It is in the second period only, corresponding 
to the second or third month, that there appear in the degen- 
erated pyramidal tract evident marks of an irritative process, 
situated in the connective tissue and justifying the term 
sclerosis. 
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(o) In the first period, the nerve-tubes being separated from 
their trophic centres, nhich are also their centres of functional 
Btimulation, the situation is almost equivalent, in well-marked 
caseSj to section of the pyramidal tract. This early period 
which corresponds to the Srst four or five weeks is ^eady 
indicated, as you know, by exaltation of the cutaneous and 
tendon-reflexes. 

Here, we may justifiably invoke the suppression of the mode- 
rating cerebral influence which, in the case of experimental 
section of the lateral columns, serves to explain the exaggera- 
tion of the reflex properties in the parts of the cord situated 
below the section. 

But this condition evidently does not account for contracture 
which, as you are aware, has no existence in the newly-born 
child, in whom the pyramidal tracts are as yet undeveloped. 
We must therefore seek another explanation. 

I (6) Moreover, contracture only manifests its presence at the 

period when the pyramidal tract has become the seat of an irrita- 
tive lesion. First of all, I must remind you of the anatomical 
connections which are established between the extremities of 
the nerve-fibres of the pyramidal tract and the motor cells of 
the corresponding cornu. These connections are such that, in 

I certain cases, lesion of the nerve-tubes is propagated to the 
ganglionic cells, which undergo atrophy, and to the surrounding 
connective tissue. In this way there is produced a kind of 
anterior poliomyelitu, in consequence of which muscular atropbj 
snpervenes in the paralysed limbs. 

(%) But these cases, as you are aware, although far from 

I beiug uncommon, nevertheless do not constitute the rule. 
Ordinarily, matters do not proceed to such lengths. We most 
assume — and this is the first concession I ask of you — that under 
the influence of the irritation of which the nerve-tubes in pro- 
gress of destruction are the seat, the cellular elements (gan- 
glionic cells) become aGTected in their turn. Now, this lesion 

j when communicated to the motor cells is purely dynamic and 
corresponds to no appreciable anatomical modification. With 
your sanction I shall call it irriiafion. It is analogous to that 

' produced by strychnia, but more durable. ^^^| 

Under the influence of this change, the properties of the ^^^| 

L ganglionic elements are not only undiminished, but are even ^^^| 
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exalted. The irritation is thus propagated by radiation through 
the nerve-reticulum over a conaideraUe distancej as Seut aa the 
other ganglionic elements of the same r^on, and particularly 
to the sesthesodic cells. 

Exaggeration of the reflex power^ in all its varieties, in the 
corresponding parts of the grey axis is the natural consequence 
of this hyper-excitability of the ganglionic dements^ and supplies 
us with the key to certain phenomena^ such as the exaltation of 
the cutaneous and tendon-reflexes* Without forcing matters^ 
it may even be taken for granted that the irritadve lesion in 
question likewise provokes exaltation of that variety of reflex 
activity which, in the normal state, maintains the permanent 
muscular contraction, known in physiology under the name 
ottane. 



111. 






It will not be withput ^yanti^p tojrejcf^ini^y'^^^ 
for it is a fact of great ,prjftctical intj^r^trYjibat the two modes 
of spinal reflex activity in question ar^ .prpbably represented in 
the grey matter by two distinct (Uasialtju: . systems. Clinical 
observatioD, in fact, demonstrates that altij^ugh these two modes 
of reflex activity are often affected s,im,ultaneously, they are, 
nevertheless, frequently affected separately* The following aie 
a few examples tending to prove that this is really the case. 

(i) In locomotor ataxy, the cutaneous reflexes most frequently 
persist and sometimes are even manifestly exalted. The tendon- 
reflexes, however, disappear very early, as is also the case with the 
muscular tone. Consequently, the muscles are flabby and this 
diminution in tone undoubtedly in a great measure contributes 
to confer on the gait and on the movements of the extremitiei 
(which however preserve considerable force for a long time), their 
jerky, abrupt, and irregular character. The condition of afiain 
in such a case may be represented by the following diagram 
(see Fig. 86). The diastaltic arc of the cutaneous reflexes is 
not involved ; the diastaltic arc of the tendon-reflexes and of 
tone is, on the contrary, profoundly affected from the very 
beginning. This is one of the great characteristics of the 
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A few days ago, I made a carefal obserratioQ of a very re- 
marksble instance of this independence of the reflex arcs. 

A'provincial apothecary, M. X — , came to consult me for 
aome of the cephalic symptoms of tabes (megrim, vertigo, etc.)i 
wbicli had troubled him for many years. 




Fio. Sfi. — Tendon am! nti tan o'liig diiia trill ic ar.-t lalacamotnt aixxj. 
A, ipiiial BuAot cell ; B I. watheso^ierella ; U, motel* ; r, shin i B. 
poaUrior or rentripetal Moment of the cntaoenns diwUltic ue; 
rut, cutaaeoiudiMUltic uc (uniLfr»>:<ted in ktax;) ; E, uterior root 
or'tnotor ncrre ; T, posterior or ccntripotaJ Mgmetit of tka taviioa 
diattAltic ue; HAH, EDUKuUr or tondon diiutAltic nre <air«oU>I in 

Notwithstanding, motor inco-ordination appeared only aboat 
eight or nine months ago. The tendon-reflexes, of course, were 
aboliahed in the lower limbs and it was absolutely impossible 
to^cieite the least reaction of the quadriceps, howcTcr intense 
the percuMion of the patellar tendon. But on the anterior 
mrfaoe of the thigh there iras a patch of hypenesthesia, irrita- 
tion of which caused violent reflex contraction of the flexor 
mtnokB of the leg. Thus, when the patient strock the byvet- 
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esthetic region fairly hard with the palm of the hand, the leg 
was dravn coDTulsirely backwards, but not until the end of two 
or three seconds. The reflex nature of this contraction wu 
very erident, seeing that all voluntary effort was powerless to 
prevent it. This then was an ataxic patient in whom the tendon 
diastaltic arc was interrupted, whilst the conducting tracks for 
cntaneous impressions were manifeiitly intact. 

(3) I can name at least one disease in which the tendon- 
reflexes are exalted, whereas the cutaneous reflexes are 
abolished. I refer to hysterical bemianeesthesia and hemi- 
pareeis. The tendon-reflexes on the aide corresponding to the 
hemianEestheaia are very pronounced, but cutaneous sensibility 




Pio 87. — Tendon and cutaneous diarfaltjo 6rc« in hysteria. 4, 
spinal motor cell ; K B, cestbeaodio ccIIh ; v, muscle ; f, ikiiii b, 
potterior or centripetal segment of the cntaneouB diaeUltic arc ; 
x, Btiterior root or motor nerve ; pau, ctitaneoua diiataltio &re 
(affected in hjaterica! hemianfflstliesia and hBrniparesis) ; t, postenot 
or centripetal Begment of the tendon diafltoltic arc; Mul, 'muscular 
or tendon diaataltic arc (preMrred, or even ezs^erated, in h7it«iia). 
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IV. 



All stimuli, even the most violent, are without result 

Fare followed by no reflex movement (see Fig. 87). 

(3) On the other hand, in the case of permanent bemiple^a, 

dependent on organic focal lesion, which we shall consider in 

particular, both diastaltic systems are affected, though unequally. 

The cutaneous reSeses are only moderately exalted ; the tendon- 

. leflexea and especially tone, which is an allied phenomenon, are 

MHiiBively exaggerated. 

Be this as it may, gentlemen, having assumed the hypotheais- 
of irritation of the ganglionic elements of the central grey 
matter, in contact with the extremities of the nerve-fibres of th& 
pyramidal tract, we are able to explain the various phenomena 
to which we called attention in the course of our descriptive 
aeoouot. 

(i) Strychnia acts especially on the paralysed extremities,. 
and its action, although extending to the entire cord, 
shows itself, all things being equal, more intense in the 
parts of the grey axis which are already in a state of irrita- 
tion. 

(3) The irritative influence of injuries, involving the affected 
limbs, is transmitted to the central axis either through the 
cutaneous or the muscular centripetal nerves. 

(3) Lastly, in the category of associated movements, we are 
lo a position to explain, without difficulty, the aggravation of 
contracture under the influence of voluntary movements per- 
formed by the healthy extremity. It is sufficient here to take 
for granted that the irritation extends from the non-paralysed 
aide by a kind of diffusion to the ganglionic elements of the 
grey matter. This same diffusion of the irritation may also 
expUin the cases of hemiplegia to which M. D^jerine has called 
Rttentioo, and in which trepidation or even contracture occurs 
OD the healthy side. 

The intensity of this hypothetical irritation of the gangli- 
onic elements, whence the reflex hyperexcitability is derived, 
appeam however to vary according to the circumstances of the 
case and according to the individual, as well as the extent of 
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the region to which it is propagated. This shows that perma- 
nent contracture dependent on secondary sclerosis of the pyra- 
midal tract is, in a manner, a contingent and not a necessary, 
pathognomonic symptom. As a rule, it is present; bat it 
may indeed happen that it is absent, although lateral sderosis 
exists, and inversely it may manifest itself when lateral sclerosis 
does not exist.^ In other words, permanent contracture U not 
(if we may so express oorselves) a function of scleroris of ike 
pyramidal tract. 

It is of the greatest importance that this fact should be im- 
pressed on the mind in order to clearly explain a considerable 
number of cases in spinal pathology. On an early occasioiii 
moreover, we shall take the opportunity of utilising it. 

It remains for me, gentlemen, to show that the theory I hare 
just stated, imperfect as it may be, is nevertheless superior to 
those which have been propos^ for the solution of this debated 
question. 

The theory of encephalitis has had its day. As a matter of 
fact, there is no encephalitis in the case of circumscribed cere- 
bral haemorrhage, unless it is intended to give this name to the 
process of connective-tissue overgrowth which takes place on the 
<x)nfine8 of the sanguineous effusion. 

But baemorrhagic foci only produce contracture when localised 
in such a way as to destroy^ the continuity of the pyramidal 
tract; moreover, we shall see that primary sclerosis of the 
pyramidal tracts give rise to contracture, although there 
•exists no encephalic lesion. 

It has been suggested also that contracture results from the 
irritation of the unaltered medullary tubes within the sclerosed 
parts. These tubes being extremely few and sometimes even 
completely absent, although contracture exists, I am at a loss 
to understand how irritation of these tubes could cause contrac- 
ture. Once more then, we must ascribe it to some affection of 
the ganglionic elements of the grey matter. 

' In the case of hysterical contracture, for instance. 



LECTURE XV. 

PHYSIOLOQICAL FUNCTION OP THE PYRAMIDAL TRACT IN ' 
PERMANENT CONTRACTURE. HEMIPLEGU- MYELITIS i 
FROM OOMPKESSION. SPASMODIC TABES DORSALIS. 

KiruMAtiT. — Selatiom between (he peripheral ertremUiei of lie 

pyramidal- tract fibres ami the celU of the ai/erior comua. 

Zttwru of these cells are of att Irritative nature. Clinical 

pknomena ; rejiex acts. Theories bearing on the pathogeni/ of 

contracture. 
Theory of encephalitis. Theory of irrilaiioH qf nerve-ttiies, 

interspersed with those <\f the pyramidal tract . 
The immediate cause of contracture is i« (he grey matter itself, 

J'roofs fumished by spinal patkoloyy proper. Drantverte 

myelitis, 
^tatmodic paraplegia. Spasmodic laics dorsalis. 



OXNTUMEN, — From certain signs which could not escape a 
professor who has long grappled with the difficulties of teaching, 
I thought I had discovered that the theory proposed to explain 
physiologically the permanent coutracture of hemiplegic patients 
bad not been grasped in all its details by some of my hearers. 

Consequently, I ask your permission to add a few more words 
to mj description. 

1 am far from attaching an exaggerated importance to this 
theory, all the imperfections of which I am the first to recognise. 
I lay stress upon it, because I believe it to be uudoubtedly 
superior to all those which have been previously suggested for 
Uie solution of this debated question ; and especially because it 
aeems lo ne to facilitate the interpretation of facts which 
the physician is certain to meet with every day in the practice 
of cerebno-spinal diseases. 




iht yrj^trae^ at iU nskm pnu of tkb 

If tbi« be to^ the itightett sdmnli p m cr fdin g firDm tk 
peripfierj ud reactiiig on the eentnl puts of die dbstahic ftro 
tbooUl result in reflex phenomcom more than ordinui^eDergetic. 
Ill tkb tauuntr, the pennanent ttimiili^ which under normal 
i'jmAiiufu% emanate from the mnaclei or their apoDenrowft 
Xhfim%\i the centripetal mnacolar nerret^ produoe that pheuo- 
tnmum (4 ioceaftant reflex actifity known by the name of Ume^ 
tlm pti/»u>logical expreaaion of which is alight bat permanent 



nnucalar oontractioa. These same stimuli, in the pathological 
state, result in equally permaDeDt, but rer; iutense contraction, 
repreunting, aa it were, the muscular tone carried to its extreme 
limit. 

Such, in short, ts the cause of permanent coutractare in hemi* 
pl^ic patients. 

(3) I shall inform you later on why I was induced to call 
yoor attention to the fact (based as it was on clinical experience) 
that the various modes of spinal reflex activity, which are differ- 
entiated by pathological analysis, appear to be represented in 
tbe grey matter of the spinal cord by aa many distinct diastaltic 
systems. Observations show, indeed, that although the various 
model of reflex activity may sometimes be affected simulta- 
neonsly and to tbe same degree, they may also be involved 
separately. Recall the special cases of which I have made men- 
tion — locomotor ataxy and hysteria. 

On the other band, in hemiplegia, which we have specially 
considered, the two ayatems appear to be affected to a nearly equal 
extent. Moreover, the result of some observations made by 
Rossenhach' is, that in the early stages subsequent to the 
attack, after the period at which all the reflexes may be tempo- 
rarily in abeyance, the ten don -re flexes appear much sooner than 
the cutaneous reflexes. Some of them in this respect are 
especially remarkable, that of the cremaster for instance, which 
is brought about by tbe application of a cold object to the thigh 
of the corresponding side,' or the reflex produced by stimulation 
of tbe skin of the abdomen on the paralysed side {Bauckrrfiexe oi 
Bossenhach). 

■ Invesiigation pursued in the direction I have just indicated 
would probably furnish interesting facts bearing on the 
diagnosis and prognosis of a considerable number of cerebro- 
•pinal diseases. 

(3) In the last place, I must again refer to the few examples 
which I quoted in ardor to prove that the clinical phenomena, 
mentioned in the course of oar descriptive account of perma- 
nent contracture, And a ready interpretation on the proposed 
J^fothesis. 

'1 All the ganglionic elements of the spinal grey matter 
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':^ Tbe oui kTpccceBs of an encephalhii deieloped aioand 
the kdoii farrfic be vpheLd. Tbere v noodicr eneephafitii 
^lomLd apoplectic &cx tlian the ttt o ceji of con n ec tii e- tiw i e 
Ljperplwa whidi ends in the fannM&m of what aiecilkd 
cicatrices. On the other hand, focal lenoBS nefer occaiioD 
permanent contractiire except when, br reaaon of their locahn- 
tion, tber are ntnated ao as to intermpt the oonrae of tbt 
prramidal-tract fibres. Under these draonstanoes secoodarj 
degeneration comes into action. 

MoreoTer, we can quote at least one instance of a leskm 
ioTolTing the pjramidal-tract srstem primarily, ^mrt from 
tbe interrention of an j focal cerebral lesion or ot encephalitis. 

The affection in question is one which I have already aereral 
times studied with you and from which to-day I merely wish 
to abstract an episode. I hare proposed to call that disease in 
which both pyramidal- tract systems are affected in the cord and 
medulla oblongata^ amyotrophic lateral sclerosis. Now the 
lc»ion cannot usually be followed beyond the cmra cerebri It 



Beems, therefore, to become dereloped from below upwards.' 
•nie degeneration reacts on the grey matter of the anterior 
corouft of the cord and oa the analogous grey parts of the 
medulla oblongata. It is propagated in two ways. lu certain 
r^ons, there is dcstrnctive lesion of the cellular elements. 
The consequence, then, is atrophy of the muscles supplied by 
the nervea proceeding from the affected regions of the grey 
matter. 

In other parts there is simply a functional irritative lesion of 
the ganglionic elements. 

The result is that, in these parts, besides more or less marked 
paralysis there is remarkable exaggeration of the tendon -re flexes, 
and at a certain period, indeed, considerable contracture of the 
extremities sometimes supervenes. The contracture and, in its 
absence, the exaggeration of the muscle and tendon-reflexes, 
according to my own observation, clinically distinguish thia 
form of spinal muscular atrophy ^m that in which the cellular 
elements are destroyed without participation of the white 
fasciculi. 

I shall dwell no longer on this point ; it is sufficient to 
observe that the theory proposed finds here signal confirmation. 

(2) Another pathogenic explanation of permanent contrac- 
ture i» the following : it is supposed to be the result of irritation 
of Derve-tubes which, although not belongiug to the pyramidal 
tract, nevertheless intermingle with its fibres. These uerve-tubes, 
not being separated from their trophic centres, do not undergo 
degeneration, but simply remain in a state of irritation within 
the sclerosed parts. I must remind you that tubes of this kind 
in tbo midst of the pyramidal tract are few, and that sometimes 
not a single healthy tube is to be found within the scleroted 
parts. Further, on the assumption that these tubes appertain 
to the tiyttem of the short commissural fibres, they could onlj 
take part in the production of contracture through partidpation 
of tbe grey matter. 

' Soinii neosntly obserTed facta naverthelew thow the poMibilitj of intta- 
•ncvphalie losioii* of tbe pjrstDidal tract. 8«e CliaKot's " Conf^rencs do la 
Salpftriftre." In * Progrti MWicai,' 1880, No. 3. 
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Be good enoagh, gentlemen, to remark that, according to 
the theoiy snggeeted and which I shall take aa granted, the 
immediate cause of contracture ts in the grey matter and not in 
the lateral column itself. The lesion in question, therefore, 
is consecutive, deuteropathic and contingent. Its degree is 
liable to variation according to the individual and according to 
age, and even its existence is not an absolutely necessary fikct. 
This is an important consideration, for it proves that although 
permaneut contracture is connected with primary or secondary 
pyramidal sclerosis by rather close relations, it is not however, 
an essential or pathognomonic symptom. Thus, although 
sclerosis and contracture as a rule occur simultaneously, we 
may see sclerosis without contracture, and contracture without 
sclerosis, aa for example in the case of hysteria. It is con- 
ceivable, indeed, that the ganglionic irritation which provokes 
contracture may become established primarily, or in conse- 
quence of lesion other than that of the pyramidal tracts. The 
fact does not appear to me to have been demonstrated, but I 
consider it aa very possible. In short, gentlemen, I repeat 
advisedly that the situation of affairs may be summed up in a 
word — permanent contracture is not a function of the pyramidal 
tract. 

IV. 

It is not less certain that whenever, in spinal pathology, 
sclerosis of the pyramidal tracts exists to any extent, permanent 
contracture figures among the usual symptoms. 

(i) Let us take the case of secondary descending degenera* 
tions of spinal origin and presume that it is a question of 
Pott's disease with compression of the spinal cord. We shall 
consider the motor disorders exclusively, and assume, what 
indeed is not uncommon, that they open the scene. Here the 
onset is not abrupt, unexpected, and well-defined as in apoplexy. 
The paralytic phenomena most frequently develop slowly and 
progressively. Be this as it may, at a certain period some 
paretic weakness comes on, and then, afler the lapse of time. 
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true paralysis, evidently the result of interruption of the con- 
ductors of motor stimuli in tlie a utero- lateral columns, and 
more particularly in the pyramidal tracts. 

Notice carefully, gentlemeOj the fact that the paralysis ia 
qnestioQ is not the same as paralysis with contracture. But 
•t the end of a few days or weeks the scene changes, (o.) 
Tremblings and cramps accompanied by temporary rigidity are 
azperieuced, similar to the corresponding phenomena observed 
in bemiplegie patients, (fi.) Moreover, the tendon reflexes 
(knee-phenomenon, &c.] are certainly much more pi-onounced 
in the early periods than in the case of unilateral encephalic 
lesioa. (c) It is the same with the other varieties of reflex 
activity. Indeed, it is in the case of spinal compression that 
the reflex movements are the most intense, being sometimes 
oomparable to those observed in frogs under the influence of 
atrychnia. The acts of urination and defiecation, the iutro- 
dnctton of a catheter, occasion violent tremblings or involuntary 
convulsive movements of the paralysed limbs. ((/.) Lastly, 
tooner or later contracture appears, it being very rarely com- 
pletely absent, except in the case of a particular localisation, 
u when the pressure is exerted on the lowest part of the 
lumbar eulargemeut. As a rule contracture in ciitcQsiou takes 
place; but, nevertheless, it is not uncommon to see the lower 
extremities forcibly flexed on the pelvis. This attitude, 
indeed, seems to be more common in myelitis from com- 
preaaiou than in spontaneous transverse myelitis. It is equally 
iDterestiug to notice that all these phenomena involve one 
limb only when the compression is unilateral, and that this 
extremity uaturally corresponds to the aide on which the lesion 
ia aituated. But, in geueml, the spasmodic symptoms, such aa 
epileptoid trepidation and contracture, are much less marked 
than in the case of a total transverse lesion. 

(2) What is the course of this contracture? Sometimes the 
patients grow weak, bedsores form, hectic fever comes on, and 
aimultaueously reflex power and contracture disnppcar. Some- 
times, on the contrary, progressive improvement justifies us iu 
hoping fur a more favorable issue, aud in a certain number of 
CMCs absolutely complete recovery has been observed. The 
apaimodic state passes away, voluntary movements are once 
more performed, but the extremities still preserve some rigidity, 

19 
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due to aliortening of teodons, a condition whicli may be 
remedied by surgery. Of this favorable mode of termination 
M. Bouchard has related five cases. I myself have observed 
sis or seven such inatances. 

As regards the determination of the anatomical conditio&s 
of these almost unhoped for recoveries, microscopical examina- 
tions are not yet sufficiently numerous to enable us to say any- 
thing very precise in this respect. Nevertheless, in a case 
which was observed in my wards and investigated by Michaud, 
everything led to the belief that actual regeneration had 
occurred. With reference to this matter I must not forget to 
mention that the results of experiment are by no means 
favorable to the idea of regeneration. To speak only of the 
most recent experiments, I must remind you that Eichorst and 
Naunyu thinking they had noticed this regeneration in dogs, 
Schiefferdecker tried to verify their observation in the dogs 
experimented on by Goltz. Some of these animals, which 
were numerous, had survived the operation ten, twelve, and 
even fifteen months. But even under these conditions, which 
were as favorable as possible, Schiefferdecker could not dis- 
cover any trace of regeneration in the lower segment of the 
cord. The fibrillar cicatricial tissue when treated with osmic 
acid was found to contain no uerve-tubes. 

(3) With few modifications, primary transverse myelitis is 
the counterpart of myelitis from compression, the history 
of which I have given you. Here again the accompanying 
Bpasmodic paraplegia is to be referred, in accordance with the 
preceding conditions, to descending secondary sclerosis. Bnt 
clinically spasmodic paraplegia occurs fairly often under a 
form which for a very long time did not receive the attention 
it deserved. In this affection the patient is not obliged to 
keep his bed, as in the majority of the cases previously alluded 
to. From the very beginning of his complaint he is fre- 
quently able to walk without support, and even to make fairly 
long journeys. The gait, however, is quite characteristic. 
Ollivier of Angers has given an accurate account of it in his 
descriptiou of chronic myelitis; and still more recently Erb, 
who carefully investigated it, has described it under the name 
of spasmodic gait {spasticher Gang). To the same condition 
Dr. Seguin has given the term tetanoid paraplegia. Even 
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: patieut ia lying down the rigidity of the extrcmitiea 
icrceptible, and when seated it is still more marked. 
The legs arc then eitended oa the thighs, and the feet remain 
suspended in the air, it being impossible for the patient to 
put them to the ground. Lastly, on attempting to walk " the 
trauk is stratglitened and thrown backwards as if to countar- 
'balance the weight of the lower extremities whieh are agitated 
bj involuntary trcmbliug before beiug again applied to the 
ground." The foot is seized with trembling every time it is 
curied forwards, and this trembling extends temporarily to 
the whole body. 

There is no doubt that this kind of paraplegia is most 
frequently dependent on ordinary spinal lesions — compression, 
myelitis, &c. Besides the rigidity of the extremities there are, 
however, other symptoms, either concomitant or preceding, 
which admit of no ambiguity in this respect. But in other 
cases the disease dates from infancy or develops slowly and 
progressively, all symptoms being absent except the muscular 
rigidity, which somptimes tends to reach the upper cxtremitiea 
from the lower limbs, to which it usually remains limited, 

Erb has suggested that tliese cases arc referable to a special 
pathological variety which he proposes to distinguish by the 
name of spasmodic paraplegia. He even considers it very 
probable that the aO'cctiou in question depends on primary 
ftclcrosia of the lateral columns. I also share Erb's opinion 
concerning the special nature of a large number of those 
coses which clinically assume the form of spasmodic para- 
plegia. 1 have proposed to bring them together into one 
special nosographical group under the name of spasmodic tabes 
dortalis,^ which would thus be a distinct disease. Spasmodic 
panplegia would then represent a symptom common to several 
aflcctions, and among others to spasmodic tabes. 

But 1 was the first to [)oiut out that spasmodio tabes 
dorsnli*, considered as a distinct nosographical variety, could 
bare DO real and definite existence so long as pathological 
auKtomy did not speak in favour of its autonomy. If thi« ba 
really a distinct alTectiou, post-mortem eianiinalion will reveal 
m. lesion equally special, perhaps primary sclerosis of the pyra> 

' On lliw anbjfct iif« th« tlieu* of M. B^toni, * Etude snr 1« tabM spM< 
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midal tracts as Erb furmises. It, oa the ecmtrary^ antopmt 
show that it is a qnestion sometimes of myditis firom com- 
pression, sometimes of sj^iiliticy tnuurrerae, or other forms of 
myelitis, it is dear that its dinical antomimy is only apparent 
The qnestion, therefore, is as yet nndecided> I shall merely 
ronark that the first results of pathnlngical inTeatigatbn ue 
not faTorable to the idea that qpasmndic tabes doraaliB ii s' 
morbid entity. In fact, some cases whidi I had r ef erre d ta 
this noBOgraphieal groap had to be separated firom it after post- 
mortem examination, and ascribed to an aflSection which his 
long been known as likdy to gire rise to symptoms of 
spasmodic paraplegia. I refer to disseminated sderosis. Bat 
^1* point is worthy of detailed in^estigBtion, and this our 
time u>>daT docs not allow na to nndortake. 



LECTURE XVI. 

TRANSVERSE MYELITIS AND SPASMODIC TABES DORSALIS. 

SuMMABY. — H^ansverse mj/eliies and hemuectioM of the ipinal cord* 
Parafysis of both lower extremities in the case of unilateral 
ipinal leeion. Anatomical hj/potheeie relative to thie pheno* 
menon. 

Opinions of Kolliher, Gerlaeh, Krause, Schiff, Vutpian^ and 
Schiefferdecher. 

Permanent contracture and spasmodic gait in transverse myelitis. 
Ollivier^s description is applicable to the tetanoid paraplegia 
of Seguin {Erb*s spasmodic gait). Chronic forms of transverse 
myelitis. 

Spasmodic tabes dorsalis. ErVs iheory, Itn localisation in the 
cord has not yet been revealed by pathological anatomy. 
Diagnosis from disseminated sclerosis. Spasmodic tabes in the 
adult and in the child. Infantile spasmodic paralysis. 

Etiology^ pathogeny, and nosographical autonomy of spasmodic 
tabes. 

Opposite opinions and observations. 

Gentlemen, — ^To-day I propose to cootinae and conclude 
the examination of those organic spinal affections in which 
permanent contracture of the paralysed limbs is an habitual 
and characteristic symptom of the disease. You are not un- 
aware that my aim is to prove that the regular and almost 
constant existence of a lesion in the pyramidal tracts, either 
primary or secondary, is a feature common to all the diseases 
in question. In the course of this account, which, at first 
sights seems to be concerned principally with a question of 
pure theory, we have already met with, and we shall again 
meet with &cts of considerable practical importance — facts the 
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appTirgtimi of wliicli we ilull fiegnendj find ia the dinieii 



Out saenxian was parriRnlarTr dii c ut e d to tnufene 
and we ponwrtfrrpd die onei in wiiidi tlie lenot 
oempieii. sx a fserxun podni, de entire AWkii^^ of the ^iml 
eora. I must nr a inr woris nibaipe ta thoee ™»*«fHT« ii 
wiach the xrufffCTBe lesion » loraJiiirf to a part cmiIt of the 
breadih of liie eoro. «o as to nqxrodnee in a ^^^nfr the leofli 
dencnbe^ in cspenmenxkl patbologr vnder the luuDe cl » 
Imiero^ Mcrrum. l%ds Tanexr of aremnaenbed spinal locilitt- 
tioL is c>b8crre£, as I have remained, foAj dbtn in practioe. 
In icTcilitis eidier iyphiiizic, apantaTieoii«^ tnamatic;, or Aoa 
econivreasian, ii is br no means nneomiDoii far the lenoos to 
he nnilattralhr circninaccibed. In this categorf of caaei thoe 
axv two euoDples. adoctted amoni; nanj ochen^ whi^ I Biait 
recall to ronr mind for parpoifts of dfmwtration ; (i) tk 
cas« of a traumatic leQan, comaKting, for hwtaTicey of a stib 
pffirirg transTenelT 1^0*0x1^ ODe half of the qunal eord; (2) 
the Terr commox: case of spontaneoiis CTphiHiic mjelitia. Hot 
the lesion ixTaiTes one of the CT'loTnns of grer matter, togetber 
with the poS'toico' and axtero-iateral eolaama; but theeHO- 
tial point, to which I am anTifms to ciJl aitentioPy ii tk 
McondaiT descendinf: lesacm of the lateral oolnnui, whidi, u 
we know, is cne to inxemption of the coarae of the prraBidil- 
trars £bres. 

(i^ I have alreadr had the opportonitr of pointiiig oat to 
Ton. eentjemen, a fact which has been Dotioed in aeivral euff, 
Tia. that descending scuoosis is not alwaja Hmitrd to the oone- 
sponding fide, bnt that it occasicnallT extenda to the oppodte 
side^ as in Muller's case, the principal details of whidi I hMJt 
giren jon. In order to explain this appaientlT lingalir 
fact I pnt forth the hTpothesis that some fibres of cadi prrt- 
midal tract, which hare intercrossed at the lower part of the 
medulla oblongata, undergo a second deeuaation in the coiti, 
^ least in some indifidaals. On mj hjpolheBs it ia aeees- 
to concede that thew doably-decmnted fifaves are aoc 



interrupted in their course by the presence of a ganglionic cell, 
and that those proceeding from the pyramidal tract on the 
right side go to form part of the pyramidal tract on the left 
side. 

This theory is principally baaed at the present time upon the 
pathological fact in question ; it will therefore not be devoid of 
interest to inquire if some facts in normal anatomy may not be 
quoted in its favour. 

A considerable number of writers, amongst' whom are 
KGUiker, Qerlach and Krause, describe in the anterior commis- 
»an a decussation in which fibres of various origin take part. 
But all agree in recognising that there are fibres proceeding 
from one grey cornn which cross the median line and go to 
form part of the anterior column on the opposite side. In 
these accouuts there is no allusion to fibres bringing the 
pyramidal tract of one side into direct communication with the 
opposite pyramidal tract. 

Nevertheless, by means of preparations in chloride of gold 
Schieffer decker, who has studied the subject with great care, 
Hwrts that he has discovered nerve-fibres which, coming from 
the right lateral column, proceed directly to the anterior com- 
missure, and that when they have arrived in front of the 
ocDtral canal they may be followed for some distance on tha 
Otber side of the median tine. Do these fibres enter the 
■Sterior columns or are they arrested in the grey matter ? Or, 
on the contrary, do they pass into the opposite lateral column? 
Although this is not proved it is uot impossible. I doubt 
vliether normal anatomy, if reduced to its own resources, is 
eft|Mible of deciding the question. 

It is not improbable that we may succeed in following the 
coarse of degenerated fasciculi in pathological cases; and if 
the supposed disposition really exists, it will explain not only 
the well -established fact of descending sclerosis of Ixith pyra- 
midal tracts in the case of unilateral lesion, but also the fact 
preriouily discovered in experimental physiology, tlial a uni- 
lateral transverse lesion produces motor paralysis of the opposite 
extremity as well as of that corresponding to the section. 
With reference to this subject I must remind you that the 
experiments of Scbiff and Vulpian have had the effect of 
modifying the traditional teaching, handed down from the 
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of G;dm. If vi» tkovsht tlist tbe trmnsmisrion of 
nihuitiiT «zM«£ tkioi^li ike white fiocknli was exclushrelj 
iireec We aov k%?w tku shiMMfli it k diiefly direct, it is, 
seiertke-I^ss. cordr crosied. la oiker words, section of one 
l^kSenl ki!f of tke sprasl eoid. ia a gunem-pig for example, 
oiwwn pttnhrm of boa^ saies^ ike paimhaia being nndoabtailj 
wack aaote aaaifcni on ike side of tke lesion than it ia on the 



( jO Tke cvoditKtt of aCurs is alaaosl the same in man, it 
k^aa in a cmrtaisL naasiber cf XBhSrilnak. The paraljsis on the 
sade of ike lesion is never so eosapSete a* might be supposed if 
the mMaai«iii»n cf wlmaurr ^mnK were direct On the 
odMT hand, it is nuc^ for ike exuemilT on the aide opposite to 
ike lesion ac^ lo present also soaae degree of parahrsis. This 
hTpoikeocnl dispcsiiion^ i kei e fo «e » has some adrantages, seeing 
ika;^ koweiier prct^mnd tke nniiateral lesion mar be, locomo- 
tion is still piMsibte in ^ooaei^nenice of tke paralyab being, ss 
it were, dislribnced on bock sides^ Morcoier, during tbe 
sabseqneni eonrse of events^ tke cwtaneons, tendon, and other 
redexesv the rigidiir and coninctnre vill make their appear- 
ance nnder snch <irrams:a£<es« jnst as tkongh the case was one 
of local truLSTetse mTeiiiii^ Bas it is Terr nncommon for 
these phenomena to W weil mnrked : and. also, all thin^ 
being equal, thej are alwaj^ muck more pronounced on the 
side oorxeiqp^oding to the lesion. 

U. 

After this digressaon I return to total transiTerse mTditis. 
As Tou are aware we paused to consider tke rarious modes of 
termination which paralysis of this nature mar present vhea 
permanent contracture has alreadj become established. 

I asked Ti?u to notice that side br side with cases of cob- 

• • • 

p»ete cure instances of imperfect recoTerr are to be obserred. 

Oving to diminution in the muscular rigiditr. moTemes 

rvappeurs in the lower limbs; but this rigiditr sdll perasts o 

vtain extent, and although the patient mar be able to letTe 

bed and walk^ he promds onlr bj alow and laborioni 

k Remember also the condition of aSuia under which 

<i p poa eJ patient is placed. 
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As I told yon in the preceding lecture, when be is in bed 
tbe rigidity ia couaiderably diiuiuiahed, but atill esista to a 
certain degree. The tendon-refleies, moreover, are mucb more 
pronounced tliao in the normal state, and spinal trepidation 
aopervenea on attemptiag the slightest voluutarj movement. 
When ho sits down on a slightly raised seat the legs tend to 
remain horisuutal. lu any case the feet do not touch the 
gronnd. Lastly, when the patient stands up and holds him- 
self erect both extremities become stiff, applied one against the 
oUicr, and at the same time agitated by epileptoid trepidation, 
first he ia as it were fixed to the grouud, and succeeds 
'. without ditEcultv in disengaging his feet before beginning 
k-walk. 



If/'^- 



^ 




t now bo of advantage, gentlemen, to lay before you 
the remarkably accurate deacription given by Ollivier (of 
Angers): 

" Each foot is removed from the ground with difficulty, and 
in tlie effort which the patient then makes tu rai»e it com- 
pletely and bring it forward the body ia straightened and 
thrown backwards, as though to eouuterbalance the weight of 
the lower extremity, which, before being again applied tu the 
L jTttunilj is seised with iuvoluntary trembling. 
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'^ During these movements of progression the point of the 
foot is sometimes depressed^ and drags more or less along the 
ground before being raised. Sometimes it is lifted up sud- 
denly, the foot at the same time being thrown outwards. I 
have seen patients who could only walk, although leaning on a 
stick, by throwing the trunk and head backwards in such a 
way that their attitude had some resemblance to that caused 
by tetanus.'' 

All this, gentlemen, is true, although perhaps a little exag- 
gerated, as a description of a type must necessarily be. There 
isi however, a variation in this type. The patient, in such i 
case, generally uses two crutches or sticks, and walks literally 
on the point of his toes, in consequence of the exaggerated 
contraction of the gastrocnemii. His body is bent forwards 
and forms an inclined plane, so that he is every moment in 
danger of falling on his face to the ground. This yarietj, 
which is described by Erb, is more common than Ollivier's 
type. It is very remarkable to notice that this very vivid 
description by OUivier, which, moreover, does not apply to 
exceptional cases, remained, as it were, a dead letter until 
lately. It did not even attract attention at the time when 
Duchenne described so accurately the characteristic gait of 
ataxic patients, so that it was quite a revelation when Seguin, 
of New York, in 1873, *°^ afterwards in 1874 Erb, of Heidel- 
berg, once more called attention to the peculiar gait which 
certain paralytic patients present, and which they proposed to 
designate, the former by the name of tetanoid paraplegia^ the 
latter by the term spasmodic gait {spasticher Gang). 

You perceive, gentlemen, that notwithstanding the interest 
attached to this spasmodic gait we cannot recognise it as being 
characteristic of a particular disease, contrary to what holds 
good for the gait of ataxic patients, which is really patho- 
gnomonic. It is a symptom common to several spinal diseases, 
and in order to arrive at a nosographical diagnosis we must 
necessarily appeal to the concomitant symptoms. 
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III. 



B have bitberto considered cases of transverse myelitis of 
r subacute onset, in which the symptoms rapidly attain 
their highest degree and then retrograde. 

But we must not overlook the fact that there are cases ia 
which the affection from the very beginning assumes the 
character of a primary chronic disease. Here, also, the lesion 
is transverse, but incomplete, and its evolution is gnidiial. 
The patient, for example, has never been confined to bed ; he 
ia a paralytic in vrhom the paretic symptoms have perchance 
passed undetected for a more or less considerable time. But 
the gait has the spasmodic character from the outset, and 
however slow the course of the disease may be, wo should 
expect, as a rule, to see the paraplegia accompanied by other 
symptoms, essential to the nosographical determination of the 
nature of the affection. 



IV. 



Nevertheless, gentlemen, it is not uncommon clinically to 
meet with a certain number of cases in which symptoms of 
spasmodic paralysis, primarily deviloped as in the preceding 
ca«e, occur unaccompaniccl, from the origin to the termination 
of the disease, by any other symptoms, such as impairment of 
sensibility, functional disorders of the bladder and rectum, 
pseudoncuralgic pains and cephalic disorders. The affection ia 
npecially characterised also by its slow evolution, and by a 
marked tendency to progressive invasion of the upper extremi- 
ties 

To some physicians, of whom I am one, this spasmodic 
paraplegia seems to be a special variety, so that we are led to 
think that these are not common cases of transverse myelitis 
(compressive, syphilitic, or otherwise) sccidcntalty deprived of 
their uaual features, and occurring under an abnormal form. 
But it is believed that the affection in question is peculiar, 
antaaomoos, and probably dependent on a specially localised 



-^00 SPASMODIC TABES DOBSALIS. 

Erb was the first to put forward this opinion in 1875. I 
soon followed him^ as mj lectures in 1876 testify. This 
alleged special affection was designated by Erb spasmodic spinal 
paralysis. From the fact that it was a question of a particular 
morbid condition I proposed the name of spasmodic tabes 
dorsaliSj since the term *' spasmodic paralysis '^ represents only 
a symptom common to several spinal diseases. The descrip- 
tion given by Erb differs^ however^ in no essential feature 
from that which I subsequently traced. I disagreed on one 
point only with Erb^ who practically asserts that the lesion 
on which the symptoms depend is now known to be no other 
<than symmetrical sclerosis of the lateral columns. As regards 
myself^ whilst believing the localisation suggested by him to 
he very probable^ I determined to reserve my opinion. 

I observed that all cases of symmetrical sclerosis without 
participation of the anterior grey cornua were of old date. " It 
^ould be necessary/' I remarked, '' to revive partly effaced 
remembrances. We must, therefore, before expressing an 
opinion on this matter, await the modifying influence of new 
observations.*' 

Up to the present time, gentlemen, as I shall show shortly, 
pathological investigation has not yet furnished any proof, and 
iience the solution of the problem remains in suspense. Mean- 
while the clinical description deserves to exist alone. 



V. 

But before approaching this subject I would, in conformance 
with what I promised you in the last lecture, say a few words 
«bout a cere bro- spinal disease which is now fairly well made 
out anatomically and clinically, and which in some of its 
abnormal forms may reveal itself almost exclusively by spas- 
modic paraplegia, so that under this guise the affection in 
question might be, and indeed has been, confounded with that 
which I have called spasmodic tabes dorsalis. I refer to 
jdisseminated sclerosis. I shall merely remind you that the 
sclerotic patches, which are disposed irregularly in the various 
^arts of the neuro-axis, generally predominate in the cord, 
where in preference they occupy the antero-lateral columns. 
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It is necessary to call attention here to an important point on 
which I have already briefly spoken. These sclerotic patches^ 
when once developed^ remain separate in the spinal fasciculi' 
without giving rise to secondary degeneration. This is a 
startling exception to the Wallerian law. It is of little 
moment^ however^ since for the time being it suffices for us to 
consider the a£fection exclusively in its clinical aspect. 

In the first place it should be noticed^ as might be antici- 
pated from the multiplicity of the lesions and the variability of 
their seat^ that the symptoms of the disease in question are 
themselves both various and numerous: cephalic disorders^, 
such as nystagmus^ amaurosis^ difficulty of speech^ intellectual 
disturbance and vertigo ; spinal disorders^ amongst which w& 
must mention as being most constant and important a peculiar 
trembling of the upper extremities^ occasionally replaced by 
contracture^ spasmodic paraplegia^ &c. I pass over the mus- 
cular atrophy which is observed in those cases where the grey 
matter is affected^ and the tabetic symptoms when lesions of 
the posterior columns exist. Such^ in shorty are the sign» 
which^ when they are all combined^ enable us to readily 
diagnose this disease. But it is possible for this collection of 
symptoms to be decomposed^ and for a considerable number of 
them to be absent. So, in one form, only cephalic disorders, 
vertigo, nystagmus, &c., are observed. In another, on the 
contrary, there may exist almost no symptoms except those of 
spasmodic paraplegia. I say almost no sympiorm because on 
viewing the matter more closely we may discern the present or 
past existence of some of those concomitant phenomena which 
are so numerous in typical cases. Accordingly, in presence of 
a spasmodic paraplegia, it is necessary to recall to mind the 
series of symptoms which may be found in combination in a 
complete case of multilocular sclerosis. It is very exceptional 
for two or three of them not to appear in association witb 
spasmodic paraplegia at some period of the disease, if this 
latter depends on disseminated sclerosis; and it is especially in 
accordance with this principle that the diagnosis must be 
made. 
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VI. 

I shall now, gentlemen^ briefly trace the outline of the 
morbid condition which Erb and myself believe oarselTCS 
justified, until further information is forthcoming, in consi- 
dering a special disease — spasmodic tabes dorsalis. 

(i) The clinical description may be sketched in a few words. 
The disease becomes developed in subjects from thirty to fifty 
years of age, particularly in men, and in the absence of any 
appreciable exciting cause. There is never any disorder of 
sensibility. The afi^ection comes on slowly and progressivelji 
showing itself first of all by simple heaviness of the legs, and 
then by true paresis accompanied by rigidity. Finally, the gait 
takes on the spasmodic character, and the patient is often 
obliged to keep his bed, but sometimes not until the lapse of 
many years. It is self-evident that the tendon-reflexes are 
much exaggerated, whilst the cutaneous reflexes preserve their 
normal characters. 

(2) The disease, as it occurs in early life, deserves special 
mention (Erb, Seeligmiiller, Stromeyer). The rigidity often 
begins to appear shortly after birth, and is unaccompanied bv 
cerebral symptoms. The nurse notices that the limbs are 
rigid, and that it has become more difficult to dress the child. 
Occasionally even the body itself is rigid. When the age for 
walking is reached it is observed that the upright posture and 
progression are impossible. When the child is three or four 
years old it begins, though with difficulty, to stand erect by 
supporting itself against the furniture. The manner in which 
children of this age, when supported under the arms, advance in 
their peculiar fashion is very characteristic. The hips are 
slightly flexed, the knees are adducted, and adhere so forcibly 
one to the other that the legs and feet become entangled and 
overlap. 

Lastly, the plantar flexion of the two feet, which rest upon 
the toes, causes an inclination of the body forwards, thus 
placing a further obstacle to walking. 

The tendon-reflexes, moreover, are exalted. There is no 
muscular atrophy and the muscles preserve their normal 
irritability. There is, therefore, a very decided contrast in 
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every respect between this aETection and infaDtile spinal paralysis, 
and hence we see that in addition to ttiis latter disease there 
exists an infantile spatraodic paralysis, perfectly distinct and 
clearly separable from it. The upper extremities are also 
ted; the forearm becomes stiffened in a state of semi- 




flexion nnd pronation, the fingers being bent on the palm of 
the hand. Cephalic symptoms, 1 must repeat, are never 
obserred, and the vertebral column presents no abuormality. 
The pathogeny of the atfection is consequently extremely 
ngue. SeeligmiiUer mentions premature labour at the seventh 
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or eighth month and oonnngmnitj. But these are pretexU 
rather than reasons. In sh^vt, aatopaes are wanting. We 
eannoty hoverer^ refirain from obsenrhig that at the time vhea 
the disease begins the lateral oolnmn is in fnll p rogr e s s of 
derelopmenty and that this condition^ under certain infln^aoes, 
may not be onfarorable to the production of an inflammatorj 
lesion. 

(3) A lesion of the same nature in the adolt^ likewise limited 
to the system of the lateral columns^ woold acooont for all the 
phenomena. Bnt^ once again, the hypothesis at the present 
time has receired no verification. There is, therefore, an 
interesting problem to be solved in pathological anatomy, and 
I cannot too strongly recommend yon to give it your earnest 
attention, if yon should happen to meet with a case of thii 
kind. 

(4) I hare just said that spasmodic tabes has as yet only a 
clinical existence, and that although, as I beliere, it is really 
a morbid variety, its anatomical substratum is nevertheless quite 
undiscovered. 

Notwithstanding, a certain number of writers have lately 
endeavoured to prove that the disease in question is merely an 
artificial nosographical construction, and that the lesions of 
some myelitis — spontaneous, compressive, syphilitic or other- 
wise — may give rise to these collective symptoms, which could 
no longer, therefore, be looked upon as constituting a special 
affection. 

In support of this theory some observations have been 
published in which the authors believed they had discovered 
the characters assigned by £rb and myself, to what I call spas- 
modic tabes dorsalis, but in which there had been found at the 
post-mortem examinations the most variable spinal lesions. 

I have examined these observations with great care, but I do 
not think that any one of them really possesses the significance 
which has been given them. 

Clinically, these are cases of ordinary syphilitic myelitis firom 
compression, abnormal in some respects, but always exhibiting 
more or less pronounced disorders of sensibility, and of the 
functions of the bladder and rectum, which are so characteristic 
of this form of myelitis. The various lesions discovered on 
post-mortem examination presented, however, this common and 
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essential feature : the cliaiiges in question bad giveu rise to 
lateral sclerosis. This merely shows — what moreover waa a 
matter of common kaonledge — that spasmodic gait, or, if you 
prefer it, spasmodic paralysis may manifest its pnsoncc in the 
most various forms of myelitis. But the gait is uot everything 
in this morhid variety ; it is only one element of the disease. 

This proves also that the diagnosis is difficult and that 
before coming to a decision we must consider the matter more 
iu detail. 1 was mistaken at least uuce, as 1 have no hesitation 
in openly coufi-ssing, in a case which was scat to my clinic as 
•a example of spasmodic tabes. The autopsy showed that this 
wu not so, but that it was a case of disseminated sclerosis. 

On reading over the notes again, we fouud that the patient 
bftd suffered from vertigo and had experienced tremors of the 
extremities, significant symptoms, which should have led to an 
accurate diagnosis. Since that time, I have during life referred 
to their true origin cases which might have been looked upon 
as spasmodic tabes i and on these occasions my diagnosis has 
beeu veriGed at the autopsy. 

Accordingly, matters remain as they were before the publi- 
catiOD of the adverse observations to which I have just alluded. 
lu abort, although in the absence of adequate anatomical 
exMnioatious, the autouomous uosugrapliical existence of spas- 
modic tabes dorsalia has not yet bceu placed on a solid basi», 
we may assert, on the other hand, that, in spite of criticism, it 
hu QOt as yet been seriously compromised. This qucilioD, 
iKivever, cannot fail to be solved very shortly. 

Toa see, then, gentlemen, from the preceiling account, that 
permanent contracture is a symptom commou to those organic 
spinal affeetions— and they are mauy — in which there is lesion 
of tbs lateral columns. It is necessary, however, uot to forget 
tbat permanent contracture is by no means a certain iridicaliou 
at an organic lesion of the spinal cord, for there exist a number 
of cases in which the lateral columusarc affected, [lerhaps fune- 
tioiMlly, but uudouhtedly apart from any material lesion. The 
caae of bynteria, to which I have often alluded, is one of the 

lat typical examples of this kind. 
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TRANSLATOE'S NOTE TO LECTURE XVI. 

The exiBtenoe of Charcot's spasmodio tabes doiBalis (Erb's spastic s^ansl 
paralysis) has recently been Teri£ed by an observation of Dr. Dreschf eld, of 
Manchester. 

Microscopical examination showed : 

(i) Slight increase of the neuroglia in the anterior bulbar pyramids. 

(2) Sclerosis of the direct and crossed pyramidal tracts in the oeryicil 
region. 

(3) The same lesion, with atrophy of some of the motor eells in the ante- 
rior comoa, in the dorsal region. 

(4) Sclerosis of the lateral tracts and atrophy of the ganglionic cells in the 
anterior comua in the lumbar region. 

Dr. Dreschf eld considers the lesion of the motor cells secondary to sclerosii 
of the pyramidal tracts, seeing that the grey matter was unafEected in those 
parts of the cord where the sclerosis was in a less advanced stage. Profeacr 
Erb, who examined the microscopical preparations, believes that the existenee 
of primary lateral sclerosis is now fully established (vide ' Transactions of 
the International Medical Congress,' London, 1881). 

It is very possible that some cases of supposed spasmodic tabes dorsalis in 
children (infantile spasmodic paralysis) are dependent on a pifmaiy cerebnl 
lesion. In an observation published by the translator the condition of the 
lower extremities corresponded accurately to the description given in the 
preceding lecture. In addition, however, there were fits, beginning in the 
right hand, and a certain amount of intellectual deficiency. The right upper 
extremity was much atrophied, but there was nevertheless some rigidity and 
the tendon-phenomena were exaggerated. The left arm was quite normal 
All the circumstances of the case pointed to a lesion in the left cerebnl 
hemisphere, followed by descending degeneration of both pyramidal trads. 
It must be mentioned that the fits began when the patient was in his fiist 
year, and that he did not walk until his third year. As M. Charoot aoggestB, 
it is not improbable that the pyramidal tracts are more apt to take on 
degenerative changes at this period of life than subsequently.' 

Briefly, then, although spasmodic tabes dorsalis may arise primarily in 
children, it is quite possible that some cases are secondary not only to a spinal 
but even to a cerebral lesion. Hence, unless great care is taken the primaiy 
symptoms ai'e likely to be overlooked, and the existing condition looked vcpaa 
as a distinct protopathic affection. 

* " A Contribution to the Pathological Anatomy of Primary Lateral Sele* 
rosis (Sclerosis of the Pyramidal Tracts)," ' Journal of Anatomy and Phyuo- 

logy/ vol. XV. 

' " An Anomalous Case of Infantile Hemiplegia," ' Brit. Med. Jooiil,' 
February i8th, 1882. 




SmUAKY. — The study qf tgatem tpinai Icttoiu tkoitld precede that 
of non-tj/ilem leaiont. Piytiological /uncCioit of the grey 
matter. Transmittiov qf leKtilice imprettioru and motor 
impultet. 

Syttem IttioTU of the grey matter are limited to the region qf the 
anterior comua, and are nearly all if an irritative or inflam- 
matory nature. Syttematited anterior poliomyelitet are acute, 
tubacute, or chronic. Fundamental cAaracteri of theee affec- 
tiom. Motor and trophic dieorderi. The functtone of the 
bladder and rectum are int^ict. Abolition of the rejtexet. 

D^nition qf the group tf tygtematieed poliomyelitet. Proto- 
patkic and deulerapathic amyotrophies. Acute forme: iifauti/e 
ipinal paralyell, adult epinal paralytit. Subacute form : 
Vuehenne'i eubacute anterior general tpinai paralysis. Chronic 
farm : progressive muscular atrophy of Duchenue and Aran. 
NoH'Syslematised poliomyelitea : central myelitis, ependymar 
eeterotie, disseminated sclerosis, amyotrophic lateral tcleront. 
Neuro-muicular system in general. 

Obntlbmbn, — You have doubtless sot lost sight of that table, 
or rather topogrnphical plan, which I placed before you at the 
opening lecture of this year's course, aad which hIdoc theo 1 
bare many times tnkeu the opjiortuaity of bringing under yonr 
obecrration. 

YoD have not forgotten that it is intended to give a general 
ricw of the various regions of the spinal cord, in which are 
located by a kind of selection those spinal changes which wc 
now call system lesions. The term system ktions, which I hava 
adopted from M. Vulpian's nomenclature, is, as I have already 
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I Tcntoie to hope, gentlemen, that die detaib into which ve 
entered in reference to lenons of the pjnmidal-tract ajstem 
have parti J justified the statements I hare Kreral timea expresMd 
before joa« Ther hare at least enabled too, if I mistake not, 
to nndentand the significance of that srmptom known as spas- 
modic paralysit, which, as tou hare seen, plajs soch a predo- 
minant part in spinal pathcdogr. 



I. 



To-diij, gentlemen, I would direct joor attention to a region 
which we hare seTcral times already encountered incidentally 
in the oonrse of oar stodies, but which has not yet been the 
object of methodical inrestigation on onr part. I mean the 
Apinal grey axis or, as it is still more briefly termed, the grey 
matter. 

It is unnecessary to remind you that, although occupying a 
comparatively limited space in the cord, the grey matter it 
oerertheless, from a physiological point of view, the most im- 
portant part of the spinal axis. It is sufficient to remark that 
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sntially the centre of passage fur the transmiMion of 
MO>ilive impreHsions and of voluntary or reflex motor ImpuUcs. 
Accordingly, if this path happen to become tutermpted, the 
accomplishaient of all these functions would thereby be reudered 
impossible. 

But in addition, it seems now to be indisputably demonstrated 
that all parts of the grey matter are uot indifferently concerned 
with the execution of these various functions. In this limited 
space there are, indeed, physiological reasons for establishing 
several perfectly di§tinct regions. Thus, from this point of 
Tiev, the central grey matter must be distinguished from the 
cornua or columns of grey matter. The first alone, with the 
posterior cornua to some extent, takes part in the transmission 
of sensitive impressions, whereas the anterior cornua appeared 
to be exclusively intended for the transmission of motor im- 
palses and have no contiectiou with sensibility. 



H 
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Theiie results, which are based on experiment, bare fbnnd 
confirmation in the domain of pathology. Disease, in fact, 
produces changes affecting separately certain deportments of 
the grey matter, better than even the most expert physiologist. 

A. But, gentlemen, there is a fact of capital importance in 
the history of these system lesions of the grey matter. Those 
changes alone have a right to this name which are now known 
to be limited to a certain defined region — that of the anterior 
cornua. The affections in question have therefore, as you sec, 
a special anatomical character, not only from the fact that they 
ant situated in the anterior cornua, but also because they depend 
OD a lesion which is, in the strict acceptation of the word, 
■ystemntised, that is to say, absolutely limited to the region, 
and unaccompanied by any alteration of the adjacent parts, 
eicffpt under accidental conditions. 

The leaions which observe this rigorous localisation are nearly 
always of an irritative or inflammatory nature. It has lately 
been proposed to distinguish them by a tenu which tends to 
indicate at once the nature of the process and the kind of locali- 
wtioo. They have been cuUed lyaUmatlted anterior polio- 
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myeliles ; Byatematised, becanae the anterior grey matter may 
be affected incidentally and Gecondarily in caaes of spinal affec- 
tions of anotLer order. We must add also acute or chronic, 
according as the affection proceeds in one or other of these two 
In consequence of this localisation, and by reason also 
of the physiological individuality of the involved region, affec- 
tions of this group, as might be anticipated, are accotnpanied 

inically by a certain number of common features, calculated 
to distinguish them from all spinal affections situated elsewhere 
in the cord. 

B. The following, in a few words, are the fundamental cha- 
racters of the group : 

(i) The muscles are attacked by motor impotence. The 
paralysis is more or less complete, but — and this is the essential 
point — the muscles of the affected parts are also the seat of 
more or less profound trophic lesions, which reveal their 
presence by special electrical reactions. This fact at once 
distinguishes these paralyses from those depending on lesion 
of the white fasciculi and especially of the lateral columns, cases 
in which the nutrition of muscles is in no way affected. 

(2) The muscles of animal life only are involved, those of the 
bladder and rectum remaining intact. The characteristic to 
which I am now calling your attention, gentlemen, is so 
singular that you should carefully bear it in mind ; at the present 
time it is not easy to give its physiological explanation. 

(3) In these affections there is no modification of sensibility 
otherwise than accidental and transitory. This feature distin- 
guishes system affections from those which are widely distri- 
buted in the grey matter. Besides disorders of sensibility, there 
is a marked tendency in these latter to cutaneous trophic dis- 
turbances, bedsores, &c. This tendency is never seen in the 
case of system lesions. 

(4} In the majority of caaes, especially in the acute or sub- 
acate forms, the various reflexes are either diminished or com- 
pletely abolished. You may have anticipated that neither 
spinal epilepsy nor contracture appertain to affections of this 
group, but, in consequence of the frequently irregular distri- 
bution of the trophic muscular lesions, you will meet with 
deviations or paralytic deformities in cases such as these. 
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A. In short, the aystematiaed anterior poliomyelites form a 
fairly natural nosographical group. The leading and, so to 
•peak, unique, exclusive pymptom ia, as you know, the trophic 
niQscular lesion. Accordingly, these alterations are sometimes 
described under the name of spinal amyolrnphies. But it 
ia adri^able to add the qualittcation prolopalhic, which indicates 
that the fundamental fact is lesion of the spinal region on which 
this muscular leson depends. Ou the other hand, the term 
ievteropalhir spinal amyolroph'tes is applied to the various 
affections of the spinal cord, in which the lesion of the anterior 
cornua is only secondary and accidental, and in which thfl 
trophic muscular change is, in consequence, clinically inter- 
ntingled with other symptoms. 

B. The group of Eystematised anterior poliomyelitcs includes 
•ome afTections which are constantly met with in practice and 
which should therefore command the special interest of the 
physician. 

I think it necessary, then, to bring them under your notice 
in a concise and orderly manner. Syatematiscd anterior spinal 
lesions, as I have said, are developed sometimes in an acnte, 
•ometimes in a chronic manner. In this last group I shall only 
icclucte those varieties with regard to which modern pathological 
anatomy has come to a definite conclusion. 

(i) The first class is made up of the gronp of acute protO' 
pal hie spinal amyotrophies. 

[a) The variety, infantile spinal paralysis, is the disease 
which excited the earnest attention of Duchennc and Heine. 
It is the model disease for the pathological study of this gronp. 
The lesions, indeed, are perfectly circumscribed ; its sympto- 
matology also is very limited and very precise, and all or almost 
alt the details included in it are now capable of ready intei^ 
pretation by the light of pathological facts. 

(b) Adult spinal paralysis ia the same disease referred to tfae 
pathology of the adult. For a long time the comparison waa 
made solely on the basis of a very chnrncteristic symptoma- 
tology ; but anatomical evidence has now pronounced definitely 
in farour of this relationship. At present, the same does not 
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Iiold good with the second groap^ of which I shall merely make 
mention. 

(2) Sv&ici^ait/morpo/tomye/f/tt corresponds to the affecticm 
described by Duchenne under the name of subacute anterior 
general spinal paralysis. This is, however, in more than one 
point, a subject for future research, for, I repeat, pathological 
observations have not jet furnished definite results. 

(3) Lastly, chronic systematised anterior poliomyelitis is 
represented by that form of amyotrophy, of which Aran and 
Duchenne have traced the clinical description and to which 
they have given the name of progressive muscular atrophy. In 
this affection Cruveilhier discovered a lesion of the anterior 
spinal roots. Modem investigations have shown that the 
alteration, mentioned and described by Cruveilhier, is con- 
nected with an irritative and system lesion of the anterior grey 
comua* The disease in question is sometimes described also 
under the name of protopathic progressive spinal amyotrophy . 



IV. 

Such, gentlemen, are the main varieties of the group of 
amyotrophies related to the anterior poliomyelites. On the 
other hand, were it only for the sake of fixing a standard of 
comparison and exhibiting a contrast, it is advisable to refer for 
a moment to various spinal affections in which lesion of the 
anterior comua undoubtedly exists, but does not constitute the 
main and unique pathological fact. Here, the original lesion 
is outside the grey matter, or at any rate, external to the region 
of the anterior comua, which are only affected consecutively 
by extension. Trophic changes, hov^ever, take place in con- 
sequence of participation of the anterior comua. 

It is plain, therefore, that this symptom is superadded to 
those of the primary disease, and, in such a case, the clinical 
observer must be prepared to encounter a complex symptomatic 
whole. For, as a matter of fact, it is not necessary that the 
acute or chronic spinal lesion should invade the anterior comua 
at a definite period, and give rise there to the lesion of the 
ganglionic elements on which the spinal amyotrophy depends. 

I shall pause no longer on these general and necessarily 
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•omewhat Tsgtie remark*, hut appeni, ntth your pcrmiuion, to 
a certain namber of concrete inatancea. 

(i) (a) Among di6''usc(l and iion system spinal lesions 
of the acute variety, we may quote the central myelites or 
diffuse poliomy elites. Her*-, the trojihic mnscular lesion, 
analogous to thai in infantile paralysis, is of frequent occur- 
rence. But it takes place concomitantly with disorders of 
sensibility, more or less profound interference with the fanc- 
tioDS of the bladder and rectum, the formation of bedsores, 
kc., and if the patient surrires and the white fasciculi partici- 
pate in the morbid anatomical process, we see the developinent 
of permanent contracttire, together with all the other signs of 
spasmodic paralysis. 

{b) Of the chronic variety, I must mention to you peri, 
ependyniar sclerosis, hypertrophic spinal meningitis, and dis- 
seminated sclerosis, all of which, under certain circumstances, 
may take on the appearance of progressive amyotrophy. There 
are indeed some non -inflammatory lesions which may have 
tbe same result: such are hvdromyelia, intraspinal tamoort 
(gliomas, sarcomas, &c). ' 

(3) Among system lesions, we must mention posterior 
sclerosis, which, in many cases, extends to the grey matter. 
Bat the morbid variety to which, at the present monieot, I 
eapecially desire to call your attention is amyotrophic lateral 
seteroais. 

This aficction, ss I have told you, has two pathological 
elements : lesion of the lateral columns and lesion of the 
anterior comua. The latter is not accidental, but forms an 
tot^ral part of the disease, although everything tends to the 
belief that it is developed secondarily. This, therefore, is a 
^■tem lesion with combined elements, as it is termed in Ger- 
many. This, too, is the atfection which I thought it necessary, 
•ereral times already, to bring before you in detail, because it 
abswa that the laws of localisation, formulated with respect to 
tlic flpinal grey matter, hold good in the medulla oblongata. 
Tou know that the nuclei of origin of the hypoglossal and 
facia), which are the representatives of the anterior 
Avquently the exclusive seat of pathological lesions ; so thi 
tberc arc protopathie, as well as deuteropathic bulbar amy- 
oCrophiea. 
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V. 

This general survey will enable jon, gentlemen, to under- 
stand the subject more thoroughly^ since you have considered 
it from the standpoint both of pathological anatomy and 
physiology. In other words, when investigating this matter, 
you must pay particular attention to those alterations in the 
grey substance, on which the amyotrophic symptoms depend. 
But here, as elsewhere, pathological investigation, in order to 
be profitable, necessarily demands a thorough acquaintance 
with the normal conditions. 

Although I do not desire to enter exhaustively into all the 
details comprised in such a subject, I must particularly bring 
under your notice some points relative to the anatomy and 
physiology of the regions you will have to study. In this 
preparatory inquiry you must not only consider the grey matter 
itself, but also the motor nerves derived from it and the 
striated muscles to which the latter convey movement. 

In fact, gentlemen, the various parts just mentioned are 
mutually dependent and constitute anatomically and physio- 
logically one system. The motor nerve-cell, with its multiple 
processes, may be really looked upon as a small independent 
organ, which fornis the bond connecting several systems one 
to another, but which belongs exclusively to none of them. 

Nevertheless, it is important to remark that, of all these 
processes of the anterior spinal cell, the most important and 
characteristic, from a morphological and physiological stand- 
point, is that which brings the cellular organ into direct con- 
tinuity with the motor nerves ; so that the motor nerve-tube, 
the essential part of which is the axis-cylinder, is simply a 
prolongation from the substance of the motor cell. It is now 
known, indeed, that this prolongation of the ganglionic element 
enters by its peripheral extremity into immediate relation with 
the muscular element. 

Before 1 840 it was thought^ in accordance with the researches 
of Valentin and Burdach, that the peripheral extremities of the 
muscular nerves terminated in the form of loops, in the interval 
between the primitive fasciculi. Doyere made an important 
discovery when he showed that in tardigrades the motor 
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nerve ends by a iingle filament in an elevation situated on ttie 1 
primitive fasciculus and which ia now called the eminence or I 
hillock of DoySre. 

It is well known also that in i8i5a Rouget proceeded farther 
and showed that beneath the sarcolemma and in the very 
snbstance of the primitive fasciculus, Doyere's elevation is 
composed of a mass of granular matter in which the nerve-tube 
ends as an axis-cylinder. 

The researches of Krause, Kiihne, and subsequently of 
Ranvier, have confirmed the general truth of these facts which 
they have supplemented by a large number of important 
details. 

But the great point discovered by Rouget is that there really 
exists n direct connection between the centrifugal nerve and the 
muscular substance. I 

You see, therefore, gentlemen, that, on the one hand, between ' 
the ganglionic element and the axis-cylinder, which is in fact a 
prolongation of that element, there is a relation of immediate 
continuity, just as there is, on the other hand, between the 
terminal extremity of this prolongation and the substance of 
the muscular element. 

There ia then, as I declared, anatomically speaking, an inti- 
mate and mutual dependence between the motor cell, the motor 
nerve, and the muscular fibre. In fact, we may look upon 
them as three consecutive elements of the same system, and 
even assert, without exaggeration, that the spinal cell, through 
its axilo prolongation, directly enters the substance of ths 
muscular cell. ' 

But it behoves us, gentlemen, to bear in mind that one of 
the elements in this association ia iu the asoendnnt, the others 
being subordinate. The integrity of the muscles, as of the 
nerves, depends on that of the ganglionic elements. It has, 
indeed, been shown that lesion of the latter necessarily reacts 
on the muscle through the nerve, and that lesion of the nerve 
reacts on the muscle, which consequently occupies the last 
place in the association; but it has by no means been proved, 
on the other hand, at any rate up to the present time, that 
lesion of the mnsclea or motor nerrca can influence the ganglionic 
element and alter its nutrition. 

Such, gentlemen, are the conaidcrationa I wished to bring 
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before you with reference to that association of elements which 
might be termed the neuro-musctUar system, the preliminary 
study of which is indispensable to him who wishes to investigate 
with profit the pathological topography of the various regions 
of the grey matter. 
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AMYOTROPHIC LATERAL SCLEROSIS. AUTONOMY 
AND SPASMODIC CHARACTER OF THIS AFFEC- 
TION. 

Since the lectares on the history of contracture which M. 
Charcot has been delivering lately at La SalpStriere, a typical 
case of amyotrophic lateral sclerosis has been analysed in detail. 
This affection^ the first description of which barely dates from 
five or six years ago^ has recently been subjected to numerous 
criticisms^ especially with reference to the spasmodic nature 
and nosographical autonomy which M. Charcot has attributed 
to it. With tlie view of once more demonstrating the essen- 
tially spasmodic nature of this disease^ at least in its early 
period^ M. Charcot^ at the commencement of this year's clinical 
lectures^ thought it advisable to give a somewhat ideal example 
of amyotrophic lateral sclerosis, and to discuss its fundamental 
characters. It may be said, in a general manner, that certain 
paralyses reveal their presence mainly by rigidity or spasmodic 
contracture of the muscular masses ; whereas others are marked 
by the absence of this symptom or even by the opposite state — 
flaccidity of the limbs. This dichotomous division, summary 
as it may be, suffices to show the practical interest attached to 
the interpretation of contracture. For some years, moreover^ 
observers have recognised the importance of various pheno- 
mena known by the generic name of tendon-reflexes, and the 
minute examination to which they have been subjected may 
throw great light upon the pathological conditions favouring 
the appearance of contracture. These reflexes, when not 
exceeding a certain limit, appertain to the normal state. But 
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when thej are manifestly exalted they conatitate a morbid 
symptom of undoubted importance^ both in a purely clinical 
aspect as well as from the standpoint of physiolc^cal theory. 

Now^ according to the present state of our physiological 
knowledge^ the permanent spasmodic contracture of muscles is 
justly considered a strange, inexplicable, and almost paradoxical 
phenomenon. Nevertheless, the numerous researches recently 
conducted in France and abroad tend to prove that exaltation 
of the tendon-reflexes and contracture are allied and, so to 
speak, equivalent facts, or, at least, that they belong to the 
same series; that the physiological explanation applicable to 
one applies equally to the other, so that permanent spasmodic 
contracture is thereby deprived of its paradoxical character. 

But the following case, to which M. Charcot calls attention, 
is of great value to the line of argument which he purposes to 
work out. 

The case is that of a woman who is now forty-seven years of 
age. She is confined to her bed, and seems to be absolutely 
inert and incapable of movement. Her intelligence, however, 
is perfect, and although she can no longer make herself under- 
stood her condition explains itself. It is at once evident that 
this woman is paralysed in all her limbs, that the head even is 
no longer retained in its normal position, but that it inclines 
sometimes to the right, sometimes to the left, and that the 
patient is incapable voluntarily of holding it straight. It 
would, then, be naturally imagined that this unfortunate being 
is affected with completely flaccid paralysis. Yet in reality 
this is far from being the case. A more minute examination is 
requisite in order to explain the relative condition of the various 
parts of the body. 

As regards the lower limbs, we find that they have assumed 
a somewhat peculiar attitude, the feet are extended, the knees 
in close contact one with another, and both legs appear rigid, 
nevertheless, they may be flexed without experiencing any very 
great resistance. This resistance, however, is more consider- 
able than under ordinary conditions. To satisfy oneself of 
this it is only necessary to make passive flexion in this patient 
and afterwards in a healthy individual. It is then evident that 
rigidity is really present, or, in other words, that the flaccidity 
of the extremity is replaced by what is called fiexibilitas cerea. 
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Oq striking the patellar tendon witli Skoda's batnmer the leg 
at once gives a jerk forwards, and occaBionally, indeed, is 
aETected for some time bj the rapid movements of apiual 
epilepBy. LaBtlj, both limba are emaciated, but not atrophied, 
and what is seen in one is also observable in the other. 

As to sensibility, it is everynhere intact; the patient in thin 
respect presents no morbid change, and we can assert that, 
apart from exceptional circumstances, she never will exhibit 
any. 

As regards the functions of the bladder and rectum, there is 
nothing abnormal to be noticed ; so that if we simply take into 
consideration the condition of the lower limbs and exclude the 
morbid characters which will be mentioned presently we shall 
merely see in this patient the symptoms of spasmodic para- 
plegia. 

But the upper extremities also exhibit very peculiar characters, 
their attitude at first sight being most remarkable. They are 
semiflexed upon the chest and supinated, the hands are turned 
forwards, the fingers shrivelled. Id addition, these extremities 
are extremely emaciated and apparently fiaccid, so that if we 
pay exclusive attention to them it might be thought that we 
were dealing with a case of progressive muscular atrophy. 
This, however, is not the case ; but here again it is a question 
of Bpaamodic paralysis. If, indeed, what remains of the 
muscular masses of the arm and forearm be carefully examined 
we can distinguish at certaiu points a cutaneous quivering, 
corresponding to transitory and spontaneous fibrillar contrac- 
tions; in addition, forced dcxion of these extremities produces 
the same sense of resistance aa in the lower limbs; lastly, 
percussion of the tendon of the triccpa gives rise to a mani- 
festly exaggerated reflex. 

If, now, instead of exciting the reflex action of this muscle, 
the anterior surface of the forearm be tapped lightly at the 
various points corresponding to the flexor tendons of the 
fingers, the flexion of the wrist becomes more marked under 
the influence of each of these shocks. This is a most important 
feature because the tcndon-reflcx of the flexors of the digits is 
illy but slightly pronounced, or even absent, in the normal 
We must likewise notice the fact that both upper 
mitin arc ifiected symmetrically, the difference, if any. 
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being very inconsiderablej and that sensibility everywhere is 
preserved intact. 

Now^ if we analyse the details presented by the attitude of 
the head and the expression of the face the following is what 
we observe. The neck is powerless to support the head, the chin 
rests against the sternum, and if the patient be inclined slightly 
backwards the head is carried in the same direction by its 
weight, the anterior muscles being absolutely incapable of 
restoring it to its proper position. As regards the face, it 
exhibits a physiognomy which may be described in one word : 
labio-glosso-laryngeal palsy. 

But the labio-glosso-laryngeal paralysis in this case is 
slightly different from that described by Duchenne, in which 
the characteristic mask-like expression often enables us to 
recognise the nature of this disease at first glance. 

The numerous wrinkles, the deeply-grooved furrows, par- 
ticularly the naso-labial and frontal, the lengthened com- 
missures, the eyes widely opened as though the lids were 
difficult to close, give a truly specific impress to the countenance 
which, by its lachrymose aspect, may be readily differentiated 
from the inert mask-like /acte^ in Duchenne's paralysis. 

In protopathic labio-glosso-laryngeal paralysis, moreover, 
nothing further is noticeable. Our patient is now unable to 
articulate a single word, but she makes a nasal, monotonous 
sound, which is constantly interrupted by a movement of diffi- 
cult deglutition. She can, however, slightly protrude between 
the imperfectly-opened dental arches her wrinkled, small, and 
trembling tongue. But she is unable either to whistle, inflate 
the cheeks, or even swallow without choking at each attempt, 
and from her partly closed mouth the saliva is continually 
dribbling away. 

The minute examination of all these symptoms is certainly 
most interesting and instructive. We see a mixture of certain 
muscular paralyses, apparently flaccid, with a number of per- 
fectly typical spasmodic phenomena; and herein lies the diffi- 
•culty of the problem. 

Now, the history of the patient in question enables us to 
understand the conditions of this curious combination of 
apparently incompatible phenomena. 

Two years and a half ago the woman D — experienced the 
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first evmptoniH of the affection which is dow approaching its 
last stage. At the outset she suffered from sharp pains in the 
loins and thighs. She then began to feel weakness of the legs 
and difBculty in walking, "as though there were a buUet at 
each foot." Three months later there appeared paralysis of 
the upper extremities, characterised by motor impotence, 
fibrillar contractions, and rigidity. About the sixth month 
difficulty of speech began to be manifest. All these symptoms 
gradually increased, and after ten months of suffering the 
woman D — became absolutely powerless. At that time 
(March, 1878) she was under the care of Dr. Huchard in the 
wards of the Hospital Laennec, and we may say that the affec- 
tion had then reached its stationary period. 

The disease was at that time so very characteristic that Dr. 
Huchard at once made the diagnosis of amyotropic lateral 
sclerosis. But it is of the greatest importance to observe, as 
regards the state of the patient in this phase of the disease, 
that all the spasmodic symptoms were moat carefully recorded 
in Dr. Huchard's notes ; continuous tremor of the extremities, 
fibrillar tremblings, contracture of the flexors, spinal trepidation 
BO intense that the slightest contact produced it, and which 
sometimes persisted for more than a minute after the stimulus, 
rigidity of the loins and neck. In short there was a kind of 
generalised tetanus associated with very characteristic progres- 
sive muscular atrophy. 

It was not until the end of eighteen months that the woman 
was admitted under M. Charcot at La Salpetriere, and then, 
for the first time, some difficulty in swallowing and transitory 
attacks of dyspncea were noticed (April, 1879). Up to this 
date, which may be looked upon as the apogee of the spasmodic 
period, all the symptoms of reflex hyperexcitability had con- 
tinued to increase; but from that time, and in proportion as 
the complication of muscular atrophy became well pronounced, 
they underwent gradual diminution, first iu the upper and then 
in the lower extremities. Accordingly at the present moment, 
M. Charcot's patient exhibits only the remnants of the spas* 
modic symptoms with which she had been previously afl^ected to 
such an extreme degree. 

This case iu all its details realises as fully as possible the 
type which M. Charcot, in 1S74, pointed out as being the clinical 
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manifestation of a bulbar lesion^ accompanied by symmetrical 
sclerosis of the lateral columns^ together with a d^eneratiye 
change in the anterior grey cornua.^ 

But cases of this nature are not fortuitous and accidental. 
Uncomplicated examples of this morbid variety become more 
evident in proportion as we analyse with greater care the 
numerous cases of spinal affections which were formerly 
described under the collective term of chronic myelitis. 

The opportunity was afforded of comparing with the patient 
just mentioned a man who was affected with absolutely identical 
symptoms^ and whom Dr. de Lome was good enough to send 
to La Salpetri^re so that M. Charcot might be able to exhibit 
the striking resemblance between the two cases. The affection^ 
here^ is of much more recent date. The man in question is 
thirty-five years of age and has been ailing for one year only. 
In January^ i^79> ^^ experienced weakness of the left arm^ which 
lasted but two months. In March there supervened in the course 
of a few days paresis of the left leg and then of the right upper 
and lower extremities^ considerable difficulty of pronunciation 
(especially of certain letters^ g and l, for example)^ and rapid 
wasting of the left arm and hand. M. Charcot remarked that 
we might almost be justified^ even at this period^ in affirming the 
existence of amyotrophic lateral sclerosis. Other symptoms of 
the disease gradually supervened^ and this is now the condition 
presented by M. de Lorne^s patient. 

Both arms are paralysed^ there is the characteristic claw-like 
attitude of each hand {main en ffriffi), and the thenar and 
hypothenar eminences have disappeared. The upper extremi- 
ties hang from each side of the body^ apparently inert and flaccid ; 
stilly considerable resistance is experienced on attempting to 
bend them^ as well as extend them when flexed. The legs are 
not paralysed to the same degree^ but are so very feeble that 
the patient is constantly falling. This paresis is evidently of a 
spasmodic nature. In fact^ the patient does not bend the knees 
during' progression^ and as he says himself^ " he walks as though 
his legs were made of wood." Progression is rendered still 
more difficult by the spontaneous spinal trepidation, which im- 
pedes his movements at every step and gives him a very pecu- 

* THs woman died on May 3i8t, 1880. The antopsy confirmed the dia- 
gnosis ; the necroscopioal details will be published. 
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^^Ru>ppiiig 'gait. Lastly, the reflexes, and particularly the 
tendon redeses, are coosiderably exaggerated iu all the limbs. 
The patellar teodoii reflex, especially, is much moreprououDCed 
than in the normal state, and is very frequently followed by 
prolonged trembling. Ankle-clonus (the trepidation produced 
by Btraigbtcning tbc point of the foot) exists also to a very high 
degree. As to the lab io-glos so- laryngeal palsy, although it is 
u yet only in an early stage, no symptoms are wanting. 

AVo have the characteristic aspect of double facial paralysis, 
nasal Toice, thick monotonous speech, inability to whistle, 
distressing diiGculty in the flrst two stages of deglutition, &c. 

Such arc the two cases, almost absolutely identical, upon 
which M, Charcot relies as the basis of the succeeding discus- 
■toD. In the first place it is incontestible that both these 
patients arc afi'cctcd with the same disease, the only diS'erence 
being that in the second the progress of the malady ia more 
ynpid in consequence of the relatively premature apjicarauce of 
the bulbar symptoms, which followed the first indications of 
Ibe atrophic paralysis of the extremities at a very short interval. 
But, apart from this slight difference, both cases display remark- 
able similarity and, so far as prognosis is concerned, the final 
result will be the same — that is to say, early death. 

This, then, is a well-pronounced autonomous disease, and ia 
^picil cases, like the preceding, the diagnosis is quite evident. 
In both subjects the lesion will be found to correspond with the 
kostomical term, amyotrophic lateral sclerosis, and we may say 
hi' advance, as though the vcrtflcation were already made, that 
this alteration docs exist. Moroover, the diagnosis iu cases of 
this kind has been made during life with the greatest pre- 
cision by several observers (Rigal, Huchard, Seguin, Nixon, 
Pick and Kahler). Iu the affection in question there an no 
Tcaliy characteristic and pathognomonic symptoms, but it must 
not be forgotten that a comparatively very limited number of 
rlemcntary phenomena, by cumliiniug into diverse groups, may 
constitute those numerous and varied forms of disease which 
wc find clinically iu the nervous centres. The arrangement 
and association of the symptoms make the only difference, as is 
ihc ease with the twenty<Bix letters of the alphabet which, when 
variously disposed, sulTice fur all those ingenious and multiform 
productions of our literature. 
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Itis^ moreover^ by this arrangement and grouping of the few 
symptoms which^ according to M. Charcot's description^ con- 
stitute one of the inain elements in the determination of the 
affection in question^ that the clinical observers just named 
were enabled to affirm during the course of the disease a dia- 
gnosis which was subsequently verified in every point by post- 
mortem examination. 

Notwithstanding the remarkable agreement in the now 
numerous cases which have been ascribed to amyotrophic 
lateral sclerosis^ the acceptation of this nosographical variety has^ 
not been made clear to many neuro-pathologists^ and among 
others to Professor Leyden^ who has frequently expressed his 
opinion on this subject in various German periodicals^ and also 
in a systematic treatise on diseases of the spinal cord^ which has 
just been translated into French. 

The reputation of Professor Leyden justifies the details into* 
which M. Charcot has believed it incumbent on him to enter^ 
in order to refute the criticisms of the Berlin school. 

The arguments put forward by Leyden in support of the 
theory which places in the same group, among others^ amyo- 
trophic lateral sclerosis and the muscular atrophy described by 
Duchenne and Aran^ may be summed up under the following 
heads : 

(i) In amyotrophic lateral sclerosis the paralysis is atonic, 
and there are no spasmodic symptoms. 

(2) Muscular atrophy is the dominant symptom ; and there 
is no question of an atrophic paralysis, seeing that the period 
of initial paralysis is absent. 

(3) There exists but one form of bulbar paralysis — that 
described by Duchenne. 

(4) Lastly^ the lesions of amyotrophic lateral sclerosis are not 
specific ; the alterations in the white matter of the cord affect 
the anterior as well as the lateral columns (pyramidal tracts). 

If the statements advanced by Leyden were in accordance 
with truths it is evident that the autonomy of amyotrophic 
lateral sclerosis would be compromised. But in order to 
nullify the indispensable conditions of its autonomy he must^ 
in fact, deny the constancy and even the existence^ as a whole^ of 
the essential features upon which M. Charcot's description ia- 
based. 
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Besides^ the clinical and anatomical signs which confer such 
a specific aspect on amyotrophic lateral sclerosis are identical 
with those^ of which the Berlin professor has availed himself in 
order to formally call in question their worth. 

M. Charcot has profited by the presence of the two patients 
just considered in order to demonstrate once again the accuracy 
of the facts contested by Professor Leyden. 

As regards the spasmodic nature of the disease^ the two 
preceding examples are as conclusive as possible. 

The woman D — , in particular who, at the present moment, 
«eems to be afiected with a generalised atonic paralysis, ex- 
perienced for eighteen months a host of permanent spasmodic 
symptoms, such as limited or extensive contracture of the 
muscles, subsultus, spinal trepidation, &c. ; and even now, in 
spite of the extreme atrophy of the upper extremities, we can 
still obtain an exaggerated tendon reflex of the flexors of the 
fingers by percussing the anterior surface of the forearm at 
certain points. But the first description of amyotrophic lateral 
sclerosis does not date so far back that we cannot take 
cognisance of all the cases. Statistics, therefore, will furnish 
the solution of the question in dispute. 

Now, on making an abstract of the observations hitherto 
published we obtain the following results. Without including 
Leyden's cases which we shall consider later, eleven instances 
have been described together with very minute details of the 
post-mortem examination. These cases, therefore^ are unex- 
ceptionable, and in all of them special mention was made of 
contracture. M. Charcot himself has had five autopsies,^ and 
once only^ (the case of the woman P — ) does contracture not 
figure among the symptoms recorded in the observation ; but 
exaggeration of the tendon reflexes was observed in this instance 
and this phenomenon, as we now know, is of the same nature 
as contracture itself. 

As to the six other observations in which autopsies were 
made, they likewise are explicit as regards contracture (Seguin, 
Worms, Hun, Kussmaul, Bigal, Pick and Eahler). In Worms' 
case particularly, special mention is made of forced flexion of 

1 Gombanlt — " £tude snr la sclerose lat^rale amjotropldqae,' Obseryations 

• •• >•• • 

1, 11, lU, IV. 

' This case will be publislied subsequently. 
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the foreanns with oonTuIsiye trembling of the lower extremi- 
ties. The cases of Bigal and of Pick and Kahler were so Terr 
characteristic that the diagnosis^ which was folly confirmed bj 
the antopsies, was made at a very early period. 

We shall now give a brief account of both these obserratiomp 
for each of them is a faithful reproduction of the type described 
by M. Charcot. 

Observaiian I (Pick and Kahler).^ — Catherine Mally, aet 61, 
a charwoman^ began to experience tremors in the left and thea 
in the right arm^ in May, 1877. Shortly afterwards both arms 
became weak and the forearm contracted in the position of 
slight semi-flexion. The patient^ however, was still able to do 
her work. 

In September, the weakness of the arms was well-marked, 
and they had already undergone evident emaciation. First the 
left and then the right leg gradually became paretic, and the 
patient was obliged to keep her bed. She then observed thit 
her pronunciation was not so good as formerly. 

In October, the affection made rapid progress. The woman's 
articulation became so indistinct that her husband had some 
difficulty in understanding her. 

She entered the hospital in October, 1878, when her condi- 
tion was as follows. (Edema of the lower extremities, pulse 
90, respiration 1 8. Her arms were applied to the epigastriumt 
the hands contractured in flexion and pronation^ and the 
phalanges flexed. The upper extremities were much emaciated, 
the forearms being markedly atrophied. The legs were stiff, 
perfectly paralysed, but free jfrom atrophy strictly speaking. 
The rigidity was especially marked in the adductor muscles of 
the thighs. The head was immoveable, the movements of the 
eyeballs unimpaired, but the face, especially on the right side, 
was devoid of expression. The neck still possessed some 
amount of lateral movement, but the head was flail-like, some- 
times falling backwards, sometimes dropping forwards on to 
the chest. As a rule it inclined slightly to the right. At the 
beginning of January, some difficulty in swallowing appeared 
for the first time. The voice was nasal and the speech unin- 
telligible. The mouth which was widely opened allowed the 

' 'Beitrage zur Pathologie and Fathologischen Anatomie der Cental 
Kerven Systems,' Leipzig, 1879. 



escape of the saliva. The tongue, which was flabby, furrowed, 
and hooey- cumbed, was affected with 6brillar tremors. The 
reflexes were exaggerated everywhere, and there waa spinal 
trepidutioD. 

Feb. let. — Deglutition has become impossible. 

nth. — DitGculty in breathing in more marked; bronchitic 
rilles. 

14th, — Respiration laboured. 

J 5th. — Death. 

Observation II (Rigal)'. — X — , set. 35, a labourer, was at- 
tacked with weakness and rigidity of tlie left upper extremity, 
about January 1876, The right upper extremity gradually 
became affected in the same way aud, very shortly, marked 
wasting of the hands supervened. 

In April, that is to say, about four months after the onset 
of the affection, the lower limbs became weak and the patient 
was troubled with cramps and startings. 

lu May 1876, he was admitted into the Hdtel-Dieu under 
the care of M. Rigal. The following is a brief account of bis 
condition at that time. The arms were applied over the front 
of the chest, the forearms semiflexed. The fingers were claw- 
like {en gr^ffe), aud in the hand a piece of wood had to be 
placed to prevent the nails becoming imbedded iit the skin. 
On attempting to overcome the resistance of the contracture,' 
an exaggerated degree of flexion with some amount of tremn- 
lousiiess was occasioned. Nevertheless, slight voluntary move- 
meat was still possible. 

The lower limbs were paralysed and contractured, but tlie 
patient could still walk, although progression always increased 
the rigidity of the legs. 

The trunk, face and neck were also rigid. The head waa 
inclined aligbtly forwards, the buccal ori&cc enlarged, aud the 
commissures lengthened. 

There was inability to whistle, but the tongue was unaffected 
and there was no difliculty in deglutition. The eyes were 
widely opened, and the cyc-lids closed with difficulty. 

In November 1876, eleven months after the onset of tlic 

' This CMS will bo coiiiiDetited on in an aitiolu which HH. Gonibsult and 
D«hov« iat«nil to pnbluh in the foithcoming namber of the ' Arahim da 
Pkfnok^pa.* 
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affection^ the contracture had diminished in the upper extre- 
mities^ but the lower limbs were still in a permanent spasmodic 
condition. The trunk and head also remained rigid. Speech 
and deglutition were embarrassed; the various symptoms of 
bulbar paralysis became rapidly worse and the patient died in 
January 1877^ nearly thirteen months after the first symptom 
of paresis. 

In the two preceding observations^ as in all those in which 
microscopical information was forthcomings the diagnosis was 
completely confirmed. But since cases of this kind are not 
yet very common^ it is assuredly permissible to quote in support 
of our argument observations without autopsies^ in which the 
clinical picture is so similar that the diagnosis could not be 
doubted for a moment. Such^ for example^ is the case with 
the two patients shown by M. Charcot at the beginning of his 
lecture. The following two cases^ given in abstract^ are strictly 
conformable to the type^ especially as regards the spasmodic 
symptoms of the first period. Observation III is the epitome 
of a case recently published by Dr. Nixon.^ Observation IV 
has reference to a provincial patient of whom M. Charcot has 
lost sights but in whom the affection was sufficiently advanced 
to make doubt impossible. 

Observation III (Nixon). — ^The patient^ who was a carter, 
set. 35, was seized, in February, 1878, with slight pain in the 
left arm and with weakness and rigidity of the same limb. 
The month following, the right arm became involved in its 
turn, and from that time the patient observed that both arms 
were emaciating and also affected with frequent muscular 
tremors. 

In April, weakness of the lower extremities supervened and 
from time to time progression was embarrassed by spinal 
trepidation. 

As the disease increased the lower limbs became '' as rigid 
as sticks,'' and the patient used to try to bend them with his 
hands. 

At the period when the extremities grew stiff, the physiog- 
nomy began to change, deglutition became difficult and the 
patient observed that he could no longer spit . . . and so 
on. The affection continued to develop until the ninth month 

> ' Dablin Jotimal of Medical Science/ 1879. 
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when his condition^ in a few words, was as follows. The lower 
lip was pendulous and he was unable to eject things from 
the mouth. The tongue still moved, but it was small, tremu- 
lous, wrinkled, and atrophied. Articulate speech was much 
embarrassed. 

The upper extremities, especially at the thenar and hypo- 
thenar eminences, were extremely atrophied, but there was no 
rigidity to be noticed. 

As regards the lower extremities, they were quite free from 
atrophy ; the patient could still walk, although the gait was 
spasmodic and accompanied by spinal trepidation. 

Observation IV (Charcot). — Mme. M — , of Cambrai, aet. 
54, of no occupation, experienced for the first time in 
November, 1877, rigidity and feeling of weight in the right 
hand. 

In May, 1878, that is after an interval of six months, the 
left arm became affected in the same manner, and the weakness 
of the right hand became more and more marked. In Sep- 
tember, some numbness of the left leg, which was soon followed 
by considerable weakness, made its appearance. The month 
following, the right leg was invaded in its turn. At the same 
time, the articulation became thick, the speech assumed a 
curiously scanning character, and the voice began to be nasal. 
In January, 1879, the paralytic symptoms became well pro- 
nounced, but the patient still suffered from spinal trepidation, 
especially on walking. 

She came to consult M. Charcot at La SalpStri^re in April, 
1879. There was the characteristic facies : transverse wrinkles 
on the forehead, contracture of the lower part of the face, 
elevation of the commissures and slight paralysis of the labial 
muscles (the patient said that the saliva dribbled all night long 
and that even in the day she was frequently obliged to wipe 
the right commissure). She looked sideways and was unable 
to turn her head in consequence of the rigidity of the neck. 
She spoke monotonously, as though she were reciting. She 
had occasional attacks of dyspnoea. The hands hung down and 
were wasted, shrivelled, and powerless ; the palmar surface was 
directed forwards. The gait was laboured ; the knees were in 
close apposition and the trembling was a source of constant 
trouble, so that she was continually making false steps. The 
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tendon-reflexes were eza^erated. On striking the patellar 
tendon, the leg became rigid, and some time elapsed before it 
was possible to bend it with ease. The diagnosis was amy- 
otrophic lateral sclerosis of seven months' standing. The patient 
has been lost sight of. 

It is beyond dispnte that the two cases, the history of which 
has just been briefly related, apart from the duration of their 
clinical development, are in every respect similar to the state 
of the other patients exhibited by M. Charcot. We may, indeed, 
assert that when the disease has reached such an advanced 
stage, there is no difficulty in diagnosis. But the main interest 
of both these cases, from the position M. Charcot has taken 
up, consists in the multiplicity and generalisation of the 
spasmodic symptoms, which are apparent on the most superficial 
observation. This feature, however, was well marked, simply 
because the muscular atrophy had not progressed rapidly. 

Be this as it may, the patients in Observations III and lY, 
are undoubtedly affected with amyotrophic lateral sclerosis, like 
the two patients whose cases we considered at the outset. 
Although the autopsies have not yet been made, the existence 
of the lesion is as certain as though it were actually present to 
our gaze. Now, since these four cases are peremptory on the 
subject of spasmodic manifestations (contracture, &c.}, there 
remains out of a total of fifteen published observations but one 
case in which no mention was made of contracture in decided 
terms, although exaggeration of the tendon-reflexes was alluded 
to ; so this case, unique as it is, is not altogether an exception. 
The conclusion drawn from statistics, therefore, is far from 
invalidating the spasmodic character of the affiection. But, it 
is asked, are there not contradictory cases ? Have not instances 
been quoted in which no contracture was observed ? 

If we again appeal to statistics the following, in a few words, 
are the results obtained. 

[i) The alleged contradictory cases do not exceed five, or six 
at the most. At the outset, then, there is a disadvantage in 
number in relation to the observations of the fifteen positive 
cases. 

(2) In one of these contradictory cases (Shawns of Brooklyn), 
it is maintained that no contracture was noticeable. 

But did it exist at one time and disappear subsequently? 
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What, too, was the condition of the tendon -reflexes. There is 
no reference to these points, 

(3) In another case of the same nature (Pick's), altbongh 
there was no contracture, the patient waa liable to involuntary 
shakings. Now these tremblings, like exaggeration of the tendon- 
reflexes, are phenomena of similar or identical origin, and closely 
allied to contracture. As to the reflexes, in this observation as 
in the preceding there was no allusion to them. 

(4) There remain, then, only Leyden's four or live contra- 
dictory cases. 

Now, as regards the tendon-reflexes, Leyden docs not think 
that absence of the reflexes v&s unremarked in any of bis 
obserrations. In this respect, however, Observation II in his 
memoir is exceptional, for he says, "the tendon- reflexes of the 
knee are distinctly present.'" Contracture never existed ; at 
the most a certain amount of rigidity determined by the habit- 
ual potttion of the limbs might be granted, this rigidity being 
perceptible iu the knees, shoulders, and elbows. 

Seeing that articular rigidity, pure and simple, in the case of 
flaccid paralysis, appears to be a very improbahlc occurrence, is 
it not much more natural to look upon this rigidity as a feeble 
degree of contracture, as the state characteristic of morbid yet 
still active muscular tissue, and which, in a word, is sufhcient 
to maintain that amouut of adhesion between the articularsur- 
faces, which gives rise to the peculiar sensation of ri'sistancc 
called flexihilitas cerca. This, however, is not Leyden's 
opinion. He enumerates other signs of contracture, such as 
fiexion of the fingers with Inability to extend them and provoked 
trembling.' 

This phenomenon is common in the state of permanent con- 
tracture and has long been noticed in the contracture of hemi- 
plcgic patients. Professor Lcyden likewise calls attention to the 
trembling which accompanies the movements of progression 
and on which M. Charcot has laid such great stress as being n 
cause of considerable embarrassment in walking. Now, in one 
of Leyden's patients, the gait was not merely dilGcull, but 

' " Selmi'DnifleiB am Knic s'lad ilcnllieli vorhaoden," ' Arch. t. P«yeh.,' 
1878, Tiii lU.. 3 Heft. p. 675. 

* " Die Finger konmiii nirbt gcatri«kt wenlon, aod bcim vemiab dor 
Bewcgung, tritt ein eigentliuiulicliM leichtN I>itt«m tin," loc. cit. 
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had become for this very reason impossible : '^ The patient can 
scarcely stand upright and is obliged to sit down again imme- 
<liately^ because his legs begin to tremble/'^ 

Such are the cases of which Professor Leyden has availed 
himself in the attempt to prove that amyotrophic lateral sclerosis 
has none of the characteristics of a spasmodic disease. 

The conclusion which we drew in anticipation from the pre- 
ceding observations^ now obtains much greater force. But 
Xeyden's cases are not^ on that account, less valuable. They 
may^ indeed^ be utilised with profit^ as clinical examples of 
spasmodic paralysis^ in which the collective symptoms peculiar 
^o contracture have undergone modification, at a certain period, 
on the appearance of muscular atrophy. 

The more or less premature occurrence of this additional 
«emeiological element gives rise to some degree of confusion 
in the collective phenomena which, by their grouping, con- 
stitute the state of contracture. But, although one of these 
phenomena may disappear, another which is intimately allied 
and as it were homologous sometimes persists still longer. For 
this reason the characteristics of contracture, which are un- 
•doubtedly very various, require to be sought for carefully under 
all their forms. Although in the case of Pick and Kahler, 
which is quoted by Leyden, contracture properly speaking was 
not observed, the spasmodic character of the affection might 
have been discovered, by carefully analysing the condition of 
the tendon-reflexes, of which no mention was made. 

Ley den's second objection may be summed up as follows : in 
the amyotrophic lateral sclerosis, as described by M. Charcot, 
it is simply a question o{ primary progressive muscular atrophy ; 
the muscular atrophy is the leading symptom ; and, strictly 
speaking, there is no atrophic paralysis, seeing that there is no 
previous stage of simple paralysis. 

M. Charcot criticised this assertion and refuted it by the 
observations of Professor Leyden himself. Indeed, when we 
consider the lower extremities only in which the atrophy is late 
and consequently exceptional (death generally supervening 
beforehand), it is incontestable that these extremities are, at an 
early stage, affected with simple paralysis. Such is the case with 
the!patient quoted in Professor Leyden's Observation I.^ ''As to 

* Loc cit. ' Loc cit., p. 670. 



the lower limbs, the muscular masses are not exactly atrophied, 1 
but flaccid, and their force is extraordinarily diminished," 1 
Similarly, in Observation II of the same work: "The lower ' 
limbs are evidently weakened, but there is no notable atrophy ;" ' 
and a little farther : " the legs are not strikingly atrophied, but 
the muscles are flabby and their force very remarkably lessened j 
the patient can scarcely hold himself erect."' 

Westphal has made an absolutely identical remark. He 
calls attention to the well-marked loss of power of the lower 
limbs, with preservation of the tendon-reflexes : " The lower 
extremities, he says, "are flaccid; thepatient is unable to walk j 
upright without assistance,'" So far as the lower extremities 1 
are concerned, therefore, no doubt is possible: the atrophy is l 
preceded by a more or less prolonged period of paralysis. When 
the atrophy does not supervene too suddenly, this paralysi» 
may show itself even in the upper extremities as a symptom 
characteristic of the disease in an early stage. 

In this respect, Observations II, III, and IV, are very con- 
clusive. 

As to the identity in nature of Duchenne's labio-glosso- 
laryngeal paralysis and the bulbar symptom of amyotrophic 
lateral sclerosis, Lcyden's supposition is disproved by some 
recent cases which we shall merely enumerate. Without 
including the published observations of M.M. Charcot, Jofiroy 
and Duchenne, Eisenlohr, 5;c., M, Charcot calls attention to- 
the cases of MM. Sabourin and Pitres, Dfjerine, Duval, and 
Raymond, as proving that it is no longer permissible to con- 
found the two diseases under the same heading, at any rate 
from an anatomical point of view. 

Leyden's last objection is the following: the lesion has no- 
anatomically specific characters ; it does not involve exclusively 
the lateral columns (pyramidal tracts), but afl'ects also the ante- 
rior columns; the lesion must be followed above the pons 
Varolii in order to justify us in inferring the systematised 
nature of the afi'ection. 

As to the coexistence of an alteration in the anterior column, 

M. Charcot long ago pointed out that when present it is, in a | 

manner, fortuitous, and that there are cases, as FIcchsig has ' 

remarked, in which it is absent. In the second place, this alte- 

' Loc. cit,, p, 675. ' Loc. cit., p. 338. 
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i^rMnritXi^ iw ic :p«*OBr inranrtxace Am re deaeri^a : — ^^Tie 
mtrsk^^iuti DAOi am wax. lusalxhj^ sad ic » gmhaFHe c&ac tiber 
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m A^^T^i^ ui die «)hierpatiGa tmiler c&e name of 
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If, on tfu>: celier Iiaaii, ^^asmmz £^m tke spbial eord to tise 
m^niU r^>ioi%j|p;tay we take mto cotkiideradoa the great dsstance 
m^iistAfi% the a&temr pTramidi firom tie motor nncki, we tie 
fffffAti Up AfJknomltd^e that tbe wdtrom of the pTramidal tract 
han t^ inttmate relations with the degeneratiTe altermtkMi of 
tb« l^ey matter, 

tAnily, the dtxidentnm which is still wanting in the anato- 
mi/;al flf:tcriiftifm of amjotrophic sclerosis^ namdr, the pedun- 
isnUf'f.f^thrAl prolongation of the lateral sclerosis^ has jost heen 
nnppMfA }fj Pick and Kabler in the obaerration, the clinical 
frart (tf which has already been giren in abstract. 

Thf,M', writers discorered ^'numerous granular bodies in 
ihi) outer part of the middle third of the lower layer of the 
arufh CfrriTbri. After hardening in chromic acid, the sectioDs 
nhowrrrl that these points were patches of sclerosis. The smlci 
in(;lti(li!d between the frontal and occipital convolutions were 
bnrd and slender, the preecentral and central fissures being yery 
widd and deep/' 

' Loc. oit., Taf . xii, fig. 2, A. T. 
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In a woman cumined post mortem by M. Charcot, i 
bodies also existed iu the foot of the crua cerebri (Pick). 

We see, then, that everything goes to confirm the clinical 
and pathological autonomy of amyotrophic lateral sclerosis ; and 
in proportion as the number of cases increases, the noso- 
graphical uiiily of this alfcction will appear still more crideot.^ 

Amyotrophic lateral sclerosis will then be in the same position 
as disseminated sclerosis or locomotor ataxy. No one disputes the 
autonomy ufthese two spinal disesaes ; neverthctcaa the abnormal 
and irregular foims differ remarkably from the type described by 
Ducheune. We may, however, assert that these very forms, as 
soon as they were referred to their true explanation, mainly 
contributed to the synthetical conception of ataxy and multi' 
locular sclerosis. But this synthesis would probably not have 
been realised even now for locomotor ataxy, if Buchcnne had 
not so ably represented the characters of a type or standard with 
which the numerous varieties of the species might be compared. 

The history of amyotrophic lateral sclerosis at the present 
moment is, therefore, at the same crisis as was locomotor 
ataxy in Ducheune'stimc. The fundnmeutal type must first be 
realised, and such was the object M, Charcot had in view in hia 
previous works and in the account which we have just analysed. 
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liSTi' &«qu«iitl7 uwn the womui D , yrhoat ease li dMoribod st pp. 

thn Appendix, andean t««iify totho sccnraoy at Hut (lescription 
tharti ^iv«n. We Ijwl thr oppartunitj also uf seeing tli«po*t-Kiort«meiuni- 
nation, and we retncmtiRr that ovitn with the naked eye dutinctcbangei wero 
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M. Ballet, M. Obucot'i Uto inJcmt, bu kindly neat n* fortber par- 
tuaUni, of which the foUowliiK is the trattiitation : 

" Three buiin after death rigor mortis wm tvtj arident in the rijtht 
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which m»» le» marked in the upper limbi, wm rather more marked on tho 

* Siao* thoM lioes were written the Mrioe of luthontio cases of amyotiD- 
fUe UUnil iclerona ha* bean incTMuwd bf some recent facts, and did we not 
law T*p«litioB wt should ^ve an abatiact uf them here, as we did fot tbo 
obwrvationi of Nixon, Kigal, Pick and Kahler. Amoni; othen conmlt tha 
vny conpUta obMrration of Adamkiewin an, In ' Pro^ta Medical,' i89o \ 
(" Sspaiatsbdruck* ana den Cbaritj ADnnlen," v Jahrgg). 
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right than on the left side. Sixteen honra after death the upper extremities 
were flaccid, hut the lower limhs, especially the right, were still stiff. 

" Autopsy. — ^AU the organs healthy except the cerehro-spinal system. 

" A. Brain. — ^No change in the condition of the convolutions ; paracentral 
lohnle, ascending frontal, and ascending parietal convolutions have their 
normal size and aspect on hoth sides. On section nothing ahnormal was 
noticeable ; the internal capsule apparently unaffected. 

"b. Medulla oblongata. — ^Anterior pyramids slender, atrophied, and 
greyish. ^ 

** c. Spinal cord. — On transverse sections the following was seen with 
the naked eye, but more distinctly with a lens : — The greyish tint charac- 
teristic of sclerotic tissue is very marked in the lateral columns ; the fasciculi 
of Tiirck, which belong to the same system, are also greyish, but the altera- 
tion is much more pronounced on the right than on the left side. Although 
the anterior horns are apparently more slender than usual, naked-eye exami- 
nation does not allow one to describe the lesion with any precision. 

"d. Spinal roots. — The anterior roots are more slender than in the 
normal state, and their reddish tint contrasts with the white colour of the 
posterior roots. 

" B. Muscles. — On dissection marked atrophy of various muscles is visible. 
In the right upper extremity the biceps is reduced to a slender cord of a 
yellowish tint. The brachialis anticus, coraco-brachialis, and triceps are 
much atrophied. The muscles of the forearm, which are barely one third 
their normal size, have also a yellowish tint. The thenar and hypothenar 
eminences present similar features. The interossei may almost be said not 
to exist. 

** Microscopical examination, — The anterior roots and nerves proceeding 
from them were found degenerated, with proliferation of nuclei and seg- 
mentation of the myelin. The majority of the muscular fibres had under- 
gone simple atrophy, others granular degeneration. 

" Transverse sections of the 'spinal cord, previously hardened, showed 
marked atrophy of the cells of the anterior comua, sclerosis of the pyramidal- 
tract system (crossed and direct fibres) throughout the entire cord, the lesion 
being more pronounced on the right side." 

The examination of the medulla oblongata has not yet been made, but 
M. Ballet expresses the opinion that no doubt lesions of the grey matter will 
be found, and that the disorders of speech, deglutition, and respiration, which 
were so evident in this case, will be thereby explained. 
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— structure of, 192 
CONTULSIOVB, epileptiform, 84 

COAOITA BADIATA, 7 

~~ constitution of, 110 

— jiosterior fibres of, 112 
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eonvolntion of, SS 
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sule, 74 
Cosnx, oerebdlar, 29 

— cerebral, 10, 24 
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163, 164, 184 

(see also Dsgkhssatiov sad 

Fyramtdal Takers) 

intrinac and extrinsic fihra 

of, 233 

long and short fibres of, 232 

Crucial svLCua, 27, 193, 227 
Cruba ckrkbri (see Cbbbbral pi- 

DUHCLBS) 
Cr17BEA,6 

— constitution of, 71 

— direct and indirect pednncahr 

fibres o^ 140 

— lesions o^ 127 

— position of pyramidal tract in, 

168,169 

— relations of, with internal capsok, 

71 
CUHRUS, 33 
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Dboussatioh of the pyramids, 164 
varieties and types of, 165, 166 

— of the pyramidal fibres in the 

cord, 212 
Dbformitibs of pfmdysed limbs, 264 
Dbgbkbratioh, secondary, 131 
causes of, 132, 179 

— — descending and ascending, 206 

experimental, 225, 231 

general semeiology of, 241 

— — of cerebral origin, 180, 190 

of columns of Burdach, 218 

of columns of QoU, 217 

of peripheral origin, 180, 220 

of spinal origin, 180, 205 

Dbyrlopment of spinal oord» 154 

DlABTAUlIO ARCS, 278 

— independence of, 280 
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Elsotbothbbapt^ 262 

ElIMBITTABT AFFIOriONB, 39, 1&6, 

158 
Ex nnnrcB of Doyhre, 816 
Enciphautib, 286 
Bpilbpst, provoked spinal {tee Pbo- 

YOKID BPIVAL BPILBPSY) 

Ebtthbh A of battocks, 242 

EXTBBKAL CAP8ULB, 8, 7l» 82, 246 
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Fasciculi, spinal, 161 (eee also 
CoLUXHB and Pybaxidal 
tbactb) 

autonomy of, 164 

development of, 216 

FlLUM TEBK niALB, 199 

FiSBUBBB of the brain, 12, §i teq. 
FlBBUBB of Rolando, 14 

— of Sylvias, 14 
Flbxibilitas gbbba, 318 



G. 

Gtbub anoulabib, 13 

— fornicatoii, 32 

— sigmoid, 227 
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Hbkiavxbthbbia, 81 

— cerebral, 86 

— characteristics of, 99 

— dependent on lesion of posterior 

part of internal capsule^ 86, 
91 

— experimental, 94, ISO 

— from lesion of pons or medoUa 

oblongata, 118, note 

— hysterical, 100, 268 

— relation between, and croised 

amblyopia, 110 

— sensorial, 100 
Hbkiopia, 108 

— causes of, 122 

— unilateral homonymoos, 106, 107 

— varieties of, 107 
Hbicipabaplboia of spinal origin, 210 
Hbkiplboia, 81 

— from hieniorrhage, 242 

— in hysteria, 268 

— infantile spasmodic, 186, 278 
-^ late oontractura in, 247, ft aeg. 

— trophic disordert in, 901 
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Hbmibphbbbb of the brain, 6 
Hybtbbia (see Amblyopia, Contbac- 
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Hbhiplboia, and Pabbbib) 
Hjbk OBBHAOB (see Cbbbbbal hjbk ob- 
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Iin>IFFBBBllT OOKDUCnON, 237 

Iktbbmbdiatb pobtbbiob fibbubbb, 
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iBTBBirAL OAPBULB, 6, 7 

— constitution of, 74 

— course of pyramidal tract in, 172 

— destructive lesions of, 246, 247 

— influence of lesions of, on the deve- 

lopment of secondary dege- 
neration, 126 

— knee of, 178, 186 

— lesions of, 86 

— localisations in, 186 

— regions of, 91, 188 

— rektIoBs of, with the foot of the 

peduncle, 71 

— symptoms of lesions of, 86, 89 
Ibbitability of the pyramidal fibres, 
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IBBITATIOH and irritative lesions, 276, 

277,284,288 
Iblavd op Rbil, 8, 244 
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KiBBfODiC cells, 232 (eee Cbllb) 
Kkbb of the internal capsule, 178 
KvBB-PHBNOMBiroN, 263 (sM Tbvdqv- 
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Layibb of the eras cerebri (eee Tbg« 

If BNTUM and Cbubta) 
Lbsiokb (eee Sybtbh lbbionb) 
LoBBB (ete Cbbbbbal lobes) 
Lobvb qvaobatub, 32 (tee alto Avaht- 

com and PiLficuNBUs) 
Localisation. 4. 38 
^ influence of, over the development 

of secondary degenerations, 
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— of cerebral affections, 181 

— of system lesions, 40^ 168 

— spinal, 166 
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— reflexet in, 251 
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MbduIiLA OBLONaiTA, Circulation of, 

68 
— ^ development of, 162 

— system lesions of, 39 
MB&Bnc, 122 

MbKINQEAL HJBMOBBHA&B, 273 

MENiKams, hypertrophic spinal, 818 

MlUABT ANBITBTSICB, 41 

— importance of, in cerebral hsemor- 

rhage, 82, 246 
MTBLiTifl, primary, 288, 290 

— secondary, 291 

— total transverse, 296 
Myopathic contbaotubb (gee Con- 

tbactubb) 
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Nates, 117 (tee Cobfoba quadbf> 

eBMINA) 

Nattbal oistobt of encephalic 

lesions, 38 
Nbrvb-nbtwobk, 19, 284 
Nbkvb-pbolonqation, 19 
Nebve-boots, section of, 223 
Nebve-tubes, 24, 160, 287 
Nebyes, structure of, 314 

— optic (see Optic nebves) 
Neubo-musculab system, 315 
Neuko-bbtinitis, 102 
Newly-bobn child, brain of, 159 

— absence of contracture in, 277 
Nuclei, central grey, 6 

— circulation of, 64 

— lesions of, 84 
Nucleus caudatus, 7 

— circulation of, 65 

— relations of, with corona radiata, 

112 
Nucleus lbnticulabis, 7 

— hsemorrbage in, 89 

— relations of, 70 
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Optic nebves, 117 

— radiations, 118 

— thalamus, 5, 70 

— tracts, 104 
external and internal roots of, 
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PAOHTMnriNaiTiB, ' oMeo-tabercokr, 
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Fabacbittbal lobulb, 27, 30, 38 

— lesions of, 34 
Pabalybib, adult spinal, 311 

-~ infantile spinal, 34, 251, 311 
Pabaplegia, spasmodic or tetanoid, 
290,298 

in myelitis, 299 

Pabbsis in hysteria, 263 

Patellab tbkdon-bxflbx, 252 (tee 

Tekdon-beflexss) 
Pbdukculab expansion, 171 
Poliomyblitbs, anterior, 277, 309 

acute and sub acute, 311 

— — chronic, 312 

clinical characters of, 310, et 

seq. 
diffuse, 313 

POTT*S DISEASE, 288 
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PbOCBSSUS B OEBBBBLLO ad TB8TB8,170 
PbOYOEBD SPINAL EPIXSPBY, 248, 251 

Pulvinab, 115 
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Pybamidal tbacts, 162 (tee Dbgexe- 
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— autonomy of, 155 

— cerebral origin of, 177 

— course of, 163 

— degeneration of, 182 

— development of, 154, 199 

— diagram of, 195 

— function of, 235 

— in the crura cerebri, 168, 171 

— in the dog, 226 

— in the internal capsule, 172 

— in the pons, 167 

— irritability of, 235 

— system lesions of, 152 
-- termination of, 199, 212 

— transmission of voluntary impulses 

by, 237 

— trophic centres of, 224 
Pybamids (anterior) of medulla oblon- 

gata, 167 

atrophy of, 273 (tee Decussi- 

tion) 
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Kbplbx acts in the child, 161 
Rigidity of limbs, 291 

in spasmodic tabes dorsali?, 302 

Rolandio loop, 177 
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SciNTILLATIirS 800TOXA, 122 
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286, 313, 817, ei seq. 

— descending {tee Dbgbnbbation) 

— disseminated, 150 
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contracture in, 292 
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— peri-epcndymar, 813 

— system fasciculated, 1S8 

— — anatomy of, 134 

primary and seoondary, 185, 

136 
Ssici.DEOUSBATiOK of optic nerves, 104 
Skksobium coKMuyx, 36, 90 
Spasmodic paiuplboia (tee Paba- 

PLBOU) 

Spasmodic tabbs dobsaus, 291 

— diagnofis of, 800 

— theories of, 299 
Spinal topoobapht, 147, 156 

— TBBPIDATION, 248, 251, 252 
Splbkium, 112 

Stbychhia, influence of, on contrac- 
ture, 252 

— Fouquier's therapeutical experi- 

ments with, 259 

— Vulpian's experimenU with, 268, 
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SUPPLBMBNTABT PITNCTIOII, 85, 180 
STlTKiyBSBS (tee Asbociatbd moyb- 
MBNT8) 
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Tbombntitm, 71, 169 
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— in spasmodic paraplegia, 297 
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TroriciTT or Tone, 267, 284 
Tbansybbsb sbctiokb, 7, 178, 195 

~~ of medulla oblongata, 164 
Tbaumatism, influence of, on perma- 
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VoLUNTABT STIMULI, tnuumlasion of 
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